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Description

Field of the invention

[0001] The present invention relates to a recombinant host capable of producing a steviol glycoside. The invention
also relates to a process for the preparation of a steviol glycoside using such a recombinant host. The invention also
relates to a fermentation broth comprising a steviol glycoside, a steviol glycoside and to a composition comprising two
or more steviol glycosides. The invention further relates to a foodstuff, feed or beverage which comprises a steviol
glycoside or a composition comprising two or more steviol glycosides.

Background

[0002] The leaves of the perennial herb, Stevia rebaudiana Bert., accumulate quantities of intensely sweet compounds
known as steviol glycosides. Whilst the biological function of these compounds is unclear, they have commercial signif-
icance as alternative high potency sweeteners.

[0003] These sweet steviol glycosides have functional and sensory properties that appear to be superior to those of
many high potency sweeteners. In addition, studies suggest that stevioside can reduce blood glucose levels in Type Il
diabetics and can reduce blood pressure in mildly hypertensive patients.

[0004] Steviol glycosides accumulate in Stevia leaves where they may comprise from 10 to 20% of the leaf dry weight.
Stevioside and rebaudioside A are both heat and pH stable and suitable for use in carbonated beverages and many
other foods. Stevioside is between 110 and 270 times sweeter than sucrose, rebaudioside A between 150 and 320 times
sweeter than sucrose. In addition, rebaudioside D is also a high-potency diterpene glycoside sweetener which accumu-
lates in Stevia leaves. It may be about 200 times sweeter than sucrose. Rebaudioside M is a further high-potency
diterpene glycoside sweetener. It is present in trace amounts in certain stevia variety leaves, but has been suggested
to have a superior taste profile.

[0005] Steviol glycosides have traditionally been extracted from the Stevia plant. In Stevia, (-)-kaurenoic acid, an
intermediate in gibberellic acid (GA) biosynthesis, is converted into the tetracyclic diterpene steviol, which then proceeds
through a multi-step glycosylation pathway to form the various steviol glycosides. However, yields may be variable and
affected by agriculture and environmental conditions. Also, Stevia cultivation requires substantial land area, a long time
prior to harvest, intensive labour and additional costs for the extraction and purification of the glycosides.

[0006] More recently, interest has grown in producing steviol glycosides using fermentative processes.
W02013/110673 and W0O2015/007748 describe microorganisms that may be used to produce at least the steviol gly-
cosides rebaudioside A, rebaudioside D and rebaudioside M.

[0007] WO2014122328 relates to production of steviol glycoside in recombinant hosts. Recombinant microorganisms
are disclosed that produce steviol glycosides and have altered expression of one or more endogenous transporter or
transcription factor genes, or that overexpress one or more heterologous transporters, leading to increased excretion
of steviol glycosides of interest.

[0008] WO2014191581 relates to a recombinant microorganism comprising one or more nucleotide sequence(s)
encoding: a polypeptide having ent-copalyl pyrophosphate synthase activity; a polypeptide having ent-Kaurene synthase
activity; a polypeptide having ent-Kaurene oxidase activity; and a polypeptide having kaurenoic acid 13-hydroxylase
activity, whereby expression of the nucleotide sequence(s) confer(s) on the microorganism the ability to produce at least
steviol, and wherein said recombinant microorganism has been modified in its genome such that it results in a deficiency
in the production of one or more of: (i) a phosphatase capable of acting on geranylgeranylpyrophosphate (GGPP)
resulting in the formation of geranylgeraniol (GOH); (ii) a phosphatase capable of acting on farnesylpyrophosphate (FPP)
resulting in the formation of farnesol and nerolidol;(iii) an exo-1,3-fglucanase;(iv)a glycogen synthase (or a polypeptide
that influences glycogen accumulation); (v) a transcriptional repressor of hypoxic genes (ROX1) (vi) an NADPH oxidase;
or (vii) a monocarboxylate transporter (JEN1) (viii) a polypeptide having activity as encoded for by the open reading
frame, YJLO64w; or (ix) a polypeptide. The recombinant microorganism may also be capable of expressing one or more
UDP-glucosyltransferases such that the microorganism is capable of producing one or more steviol glycosides.

[0009] WO2015011209 relates to a method for the production of a diterpene or a glycosylated diterpene, which method
comprises: a. fermenting a recombinant microorganism of the genus Yarrowia in a suitable fermentation medium at a
temperature of about 29°C or higher, wherein the microorganism comprises one or more nucleotide sequence(s) en-
coding: a polypeptide having ent-copalyl pyrophosphate synthase activity; a polypeptide having ent-Kaurene synthase
activity; a polypeptide having ent-Kaurene oxidase activity; and a polypeptide having kaurenoic acid 13-hydroxylase
activity and whereby expression of the nucleotide sequence(s) confer(s) on the microorganism the ability to produce at
least steviol; and b. recovering the diterpene or glycosylated diterpene.

[0010] Further improvement of such microoganisms is desirable in order that higher amounts of steviol glycosides
may be produced and/or additional or new steviol glycosides and/or higher amounts of specific steviol glycosides and/or
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mixtures of steviol glycosides having desired ratios of different steviol glycosides.
Summary

[0011] The presentinvention is based on the identification of a protein which is capable of mediating steviol glycoside
transport.

[0012] Accordingly, the protein may be overexpressed in a recombinant host (such as a microbial cell) in order to
increase steviol glycoside transport out of the host. Alternatively, a host (such as a microbial cell) may be modified so
as to express less of the protein than a corresponding non-modified version of the host. In this case, more steviol
glycoside may be retained within the host which is then glycosylated to a steviol glycoside comprising a higher number
of sugar moieties.

[0013] Thus, the present disclosure relates to a recombinant yeast host, which produces steviol glycoside outside the
host to a greater degree than a corresponding host not overexpressing the protein. This may facilitate easier recovery
of steviol glycosides. The disclosure also relates to a recombinant yeast host capable of producing a steviol glycoside
which overexpresses a heterologous polypeptide which mediates steviol glycoside transport.

[0014] Accordingly, the invention relates to a recombinant yeast host capable of producing a steviol glycoside which
overexpresses a polypeptide which mediates steviol glycoside transport and which polypeptide comprises the amino
acid sequence set forthin SEQ ID NO: 29 or an amino acid sequence having atleast about 70% sequence identity thereto.
[0015] The invention also relates to a recombinant Yarrowia host capable of producing a steviol glycoside which has
been modified, preferably in its genome, to result in a deficiency in the production of a polypeptide which mediates steviol
glycoside transport and which polypeptide comprises the amino acid sequence set forth in SEQ ID NO: 29 or an amino
acid sequence having at least about 70% sequence identity thereto.

[0016] The present disclosure also relates to a recombinant host which comprises steviol glycosides (inside and/or
outside the host) having a higher or lower average glycosylation number than a corresponding host not modified according
to the invention.

[0017] The invention also relates to a process for the preparation of a steviol glycoside which comprises fermenting
a recombinant host according to the invention in a suitable fermentation medium and, optionally, recovering the steviol
glycoside.

[0018] The disclosure also relates to:

a fermentation broth comprising a steviol glycoside obtainable by a process of the invention;

a steviol glycoside obtained by a process or a fermentation broth a composition comprising two or more steviol
glycosides or obtainable by a process of the invention;

a foodstuff, feed or beverage which comprises a steviol glycoside or a composition.

Brief description of the drawings

[0019]

Figure 1 sets out a schematic representation of the plasmid MB6969, encoding tHMG, UGT2_1a, HPH.

Figure 2 sets out a schematic representation of the plasmid MB6856, encoding tHMG.

Figure 3 sets out a schematic representation of the plasmid MB6857, encoding tHMG.

Figure 4 sets out a schematic representation of the plasmid MB6948, encoding GGS.

Figure 5 sets out a schematic representation of the plasmid MB6958, encoding GGS.

Figure 6 sets out a schematic representation of the plasmid MB7015, encoding UGT1, UGT3, UGT4, NAT.
Figure 7 sets out a schematic representation of the plasmid MB6986, encoding tHMG, URA3, GGS.

Figure 8 sets out a schematic representation of the plasmid MB7059, encoding tCPS_SR, tKS_SR, KAH_4,KO_Gib,
CPR_3, LEU2.

Figure 9 sets out a schematic representation of the plasmid MB7100, encoding tCPS_SR, tKS_SR, KAH_4,KO_Gib,
CPR_3, URAS3.

Figure 10 sets out a schematic representation of the plasmid MB6988, encoding tHMG, URA2, GGS.

Figure 11 sets outaschematic representation of the plasmid MB7044, encoding tCPS_SR, tKS_SR, KAH_4,KO_Gib,
CPR_3, LEU2.

Figure 12 sets outa schematic representation of the plasmid MB7094, encoding tCPS_SR, tKS_SR, KAH_4,KO_Gib,
CPR_3, URA2.

Figure 13 sets out a schematic representation of the plasmid MB6128, encoding CRE, neoR.

Figure 14 sets out a schematic representation of the construct containing KAH and HPH.

Figure 15 sets out a schematic representation of the construct containing tCPS_SR.
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Figure 16 sets out a schematic representation of the plasmid MB6986, encoding tHMG, URA3, GGS.

Figure 17 sets out a schematic representation of the plasmid pRS417 Con5-3.

Figure 18 sets out a schematic representation of the assembly of the HygB marker with the transporter internal
fragments in plasmid pRS417 5-3.

Figure 19 sets out a schematic representation of the PCR amplification of the transporter disruption constructs off
plasmid pRS417 5-3 containing the HYG marker and transporter internal fragments.

Figure 20 sets out a schematic representation of the recombination event at the genome resulting in a disruption of
the transporter gene and integration of the HygB marker.

Figure 21 sets out a schematic diagram of the potential pathways leading to biosynthesis of steviol glycosides. The
compound shown with an asterisk is 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O--D-glucopyranosyl-
B-D-glucopyranosyl ester.

Description of the sequence listing

[0020] A description of the sequencesis setoutin Table 14. Sequences described herein may be defined with reference
to the sequence listing or with reference to the database accession numbers also set out in Table 14.

Detailed description

[0021] Throughout the present specification and the accompanying claims, the words "comprise", "include" and "hav-
ing" and variations such as "comprises", "comprising”, "includes" and "including" are to be interpreted inclusively. That
is, these words are intended to convey the possible inclusion of other elements or integers not specifically recited, where
the context allows.

[0022] The articles "a" and "an" are used herein to refer to one or to more than one (i.e. to one or at least one) of the
grammatical object of the article. By way of example, "an element" may mean one element or more than one element.
[0023] The invention is embodied in the attached claims.

[0024] The disclosure relates to the identification of a polypeptide which is capable of mediating steviol glycoside
transport. Such a polypeptide may directly mediate steviol glycoside transport, i.e. may be a transporter protein, or may
indirectly mediate steviol glycoside transport. Such a polypeptide may be capable of mediating transport of one or more
steviol glycoside.

[0025] The disclosure relates to a recombinant yeast host either overexpressing or having reduced expression of such
a polypeptide. The terms recombinant host or recombinant cell may, depending on the context, be used interchangeably.
[0026] Such a polypeptide as described herein may be overexpressed in a recombinant host, such as a recombinant
host cell, capable of producing one or more steviol glycosides. Such a cell may be capable of producing more of one or
more steviol glycosides external to the cell than a corresponding cell which does not overexpress the polypeptide. That
is to say, a recombinant yeast cell according to the invention may have increased or decreased steviol glycoside transport
in a comparison with a corresponding non-recombinant cell .

[0027] Accordingly, the invention provides a recombinant yeast host capable of producing a steviol glycoside which
overexpresses a polypeptide, the polypeptide being one which is capable of mediating steviol glycoside transport and
which polypeptide comprises the amino acid sequence set forth in SEQ ID NO: 29 or an amino acid sequence having
at least about 70% sequence identity thereto.

[0028] The expression of such a polypeptide may also be modified in a host, such as a recombinant host cell, such
that it is reduced compared to a corresponding cell which has not been similarly modified. In this way, the amount of
one or more steviol glycosides outside the cell may be reduced in comparison with a corresponding cell which has not
been similarly modified. This may allow for increased glycosylation of one or more steviol glycosides within the cell
compared with a corresponding cell which has not been similarly modified. Such a host may thus comprise steviol
glycosides having a higher average glycosylation number compared with a corresponding cell which has not been
similarly modified.

[0029] Accordingly, the invention provides a recombinant Yarrowia host capable of producing a steviol glycoside which
has been modified, preferably in its genome, to result in a deficiency in the production of a polypeptide, the polypeptide
being one which is capable of mediating steviol glycoside transport and which polypeptide comprises the amino acid
sequence set forth in SEQ ID NO: 29 or an amino acid sequence having at least about 70% sequence identity thereto.
[0030] A host cell of the invention is a recombinant yeast host cell. "Recombinant"” in this sense means that the host
cell is a non-naturally occurring host cell, for example modified by introduction of one or more nucleic acids using
recombinant techniques. A nucleic acid used to modify a host cell to arrive at a recombinant host cell of the invention
may be a naturally-occurring nucleic acid or a non-naturally occurring nucleic acid.

[0031] Thus, when used in reference to a host of the invention, "recombinant” indicates that a cell has been modified
by the introduction of one or more heterologous nucleic acid or protein or the alteration of a native nucleic acid or protein,
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or that the cell is derived from a cell so modified. The term "heterologous" as used herein refers to nucleic acid or amino
acid sequences not naturally occurring in a host cell. In other words, the nucleic acid or amino acid sequence is not
identical to that naturally found in the host cell.

[0032] Thedisclosurerelatestoarecombinantyeasthostcapable of producing a steviol glycoside which overexpresses
a heterologous polypeptide which mediates steviol glycoside transport. Such a heterologous polypeptide may be obtained
from or derived from a genus or species other than that of the host. Accordingly, the heterologous polypeptide which
mediates steviol glycoside transport may be obtained from or derived from a different genus or species of yeast.
[0033] For example, if the host cell is a Saccharomyces (e.g., S. cerevisiae, S. bayanus, S. pastorianus, S. carlsber-
gensis), the heterologous polypeptide which mediates steviol glycoside transport may be obtained from or derived from
a Candida (e.g., C. krusei, C. revkaufi, C. pulcherrima, C.tropicalis, C. utilis), an Issatchenkia (eg. I. orientalis) or a
Yarrowia (e.g., Y. lipolytica (formerly classified as Candida lipolytica)).

[0034] For example, if the host cell is a Candida (e.g., C. krusei, C. revkaufi, C. pulcherrima, C. tropicalis, C. utilis),
the heterologous polypeptide which mediates steviol glycoside transport may be obtained from or derived from a Sac-
charomyces (e.g., S. cerevisiae, S. bayanus, S. pastorianus, S. carlsbergensis), an Issatchenkia (eg. I. orientalis) or a
Yarrowia (e.g., Y. lipolytica (formerly classified as Candida lipolytica)).

[0035] Forexample, if the host cell is an Issatchenkia (eg. I. orientalis), the heterologous polypeptide which mediates
steviol glycoside transport may be obtained from or derived from a Saccharomyces (e.g., S. cerevisiae, S. bayanus, S.
pastorianus, S. carlsbergensis), a Candida (e.g., C. krusei, C. revkaufi, C. pulcherrima, C. tropicalis, C. utilis) or a
Yarrowia (e.g., Y. lipolytica (formerly classified as Candida lipolytica)).

[0036] For example, if the host cell is a Yarrowia (e.g., Y. lipolytica (formerly classified as Candida lipolytica)), the
heterologous polypeptide which mediates steviol glycoside transport may be obtained from or derived from a Saccha-
romyces (e.g., S. cerevisiae, S. bayanus, S. pastorianus, S. carlsbergensis). a Candida (e.g., C. krusei, C. revkaufi, C.
pulcherrima, C. tropicalis, C. utilis) or an Issatchenkia (eg. I. orientalis).

[0037] If the host cell is Saccharomyces cerevisiae, the heterologous polypeptide which mediates steviol glycoside
transport may be obtained from or derived from Yarrowia lipolytica (formerly classified as Candida lipolytica)), Candida
krusei or Issatchenkia orientalis.

[0038] If the host cell is Yarrowia lipolytica, the heterologous polypeptide which mediates steviol glycoside transport
may be obtained from or derived from Saccharomyces cerevisiae, Yarrowia lipolytica (formerly classified as Candida
lipolytica)) or Candida krusei or Issatchenkia orientalis.

[0039] Ifthe hostcellis Candida krusei or Issatchenkia orientalis, the heterologous polypeptide which mediates steviol
glycoside transport may be obtained from or derived from Saccharomyces cerevisiae or Yarrowia lipolytica.

[0040] The term "derived from" also includes the terms "originated from," "obtained from," "obtainable from," "isolated
from," and "created from," and generally indicates that one specified material find its origin in another specified material
or has features that can be described with reference to the another specified material. As used herein, a substance (e.g.,
a nucleic acid molecule or polypeptide) "derived from" a microorganism may indicate that the substance is native to that
microorganism or is a substance native to that microorganism, but may also indicate a substance that has been altered
from a native version.

[0041] Thus, for example, a recombinant cell may express a polypeptide as defined herein not found within the native
(non-recombinant) form of the cell. Alternatively, a recombinant cell may be modified so as to express a native gene
encoding a polypeptide as defined herein to a greater degree than takes place within the native "non-recombinant" form
of the cell.

[0042] Alternatively, a recombinant cell may be modified so as to express a native gene encoding a polypeptide as
defined herein to a lesser degree than takes place within the native "non-recombinant" form of the cell.

[0043] In a cell of the invention, a polypeptide as defined herein may be overexpressed. Herein, "overexpressed”,
"overexpression" or the like implies that the recombinant host cell expresses more of the polypeptide than a corresponding
cell which does not overexpress the polypeptide or, alternatively, that the polypeptide is expressed in a cell which would
not typically express that protein. Alternatively, overexpression may be achieved by expressing a variant polypeptide
having a higher specific activity.

[0044] A recombinant yeast cell of the invention cell may be modified, preferably in its genome, to result in a deficiency
in the production of a polypeptide as defined herein.

[0045] Such a cell may be from a parent host cell and be modified, preferably in its genome, if compared to the parent
host cell to obtain a different genotype and/or a different phenotype if compared to the parent host cell from which it is
derived.

[0046] Such a cell which has been modified, preferably in its genome, to result in a deficiency in the production of a
polypeptide as defined herein, is a mutant host cell which has been modified, preferably in its genome, to result in a
phenotypic feature wherein the cell: a) produces less of the product or produces substantially no product and/or b)
produces a product having a decreased activity or decreased specific activity or a product having no activity or no specific
activity and combinations of one or more of these possibilities as compared to the parent microbial host cell that has not
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been modified, when analyzed under the same conditions.

[0047] The term "recombinant” is synonymous with "genetically modified".

[0048] Such arecombinant host may be a full or partial knock-out of a nucleic acid sequence encoding a polypeptide
as described herein.

[0049] The disclosure thus concerns recombinant yeast hosts overexpressing or deficient in a polypeptide identified
as having steviol glycoside transport mediating activity: typically, the host is one which may be used for the production
of steviol glycosides. The ability of a given recombinant host to produce a steviol glycoside may be a property of the
host in non-recombinant form or may be a result of the introduction of one or more recombinant nucleic acid sequences
(i.e. encoding enzymes leading to the production of a steviol glycoside).

[0050] For the purpose of this invention, a polypeptide having steviol glycoside transport mediating activity (i.e. a
polypeptide which mediates steviol glycoside transport) is one which has an effect on transport of one or more steviol
glycosides across a cellmembrane. The effect may be direct, i.e. the polypeptide may be a transporter protein or comprise
a functional transporter region. Alternatively, the effect may be indirect, i.e. the polypeptide is not a transporter protein,
but its activity nevertheless has an effect on steviol glycoside transport.

[0051] Typically, the effect will be such that increasing the level of expression of the polypeptide increases the amount
of transport of one or more steviol glycosides across the membrane of a cell (in comparison with a corresponding cell
having a lower level of expression of the polypeptide). Conversely, decreasing the level of expression of the polypeptide
may decrease the amount of transport of one or more steviol glycosides across the membrane of a cell (in comparison
with a corresponding cell having a higher level of expression of the polypeptide).

[0052] Typically, a recombinant yeast host of the invention is capable of producing a steviol glycoside. For example,
a recombinant host of the invention may be capable of producing one or more of, for example but not limited to, steviol-
13-monoside, steviol-19-monoside, 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-p-D-glucopyranosyl-3-D-
glucopyranosyl ester, rubusoside, stevioside, steviol-19-diside, steviolbioside, rebA, rebB, rebC, rebD, rebE or rebM. A
recombinant host of the invention may be capable of producing one or more of the steviol glycosides set out in Ceunen
and Geuns, Journal of Natural Products 76(6), 1201-1228, 2013.

[0053] Thus, a yeast cell of the invention may be one in which the amount of total amount of steviol glycosides outside
the cell as compared with inside the cell is greater or less than compared with a corresponding cell which either does
not overexpress or does not have a reduced level of expression of a cell of the invention.

[0054] Alternatively, a yeast cell of the invention may have the same total amount of steviol glycosides outside the
cell as compared with inside the cell compared with a corresponding cell which either does not overexpress or does not
have a reduced level of expression of a cell of the invention, but may have an altered distribution of steviol glycosides
inside and outside the cell.

[0055] Thus, a recombinant yeast host of the invention is capable of producing a steviol glycoside. For example, a
recombinant host of the invention may be capable of producing one or more of, for example, steviol-13-monoside, steviol-
19-monoside, 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-B-D-glucopyranosyl-p-D-glucopyranosyl ester,
rubusoside, stevioside, steviol-19-diside, steviolbioside, rebA, rebB, rebC, rebD, rebE or rebM.

[0056] Thus, a recombinant yeast host of the invention may be one in which at least about 10%, at least about 20%,
at least about 30%, at least about 40%, at least about 50% of the rebA produced by the cell is outside the cell.

[0057] Thus, a recombinant yeast host of the invention may be one in which at least about 10%, at least about 20%,
at least about 30%, at least about 40%, at least about 50% of the rebD produced by the cell is outside the cell.

[0058] Thus, a recombinant yeast host of the invention may be one in which at least about 10%, at least about 20%,
at least about 30%, at least about 40%, at least about 50% of the rebM produced by the cell is outside the cell.

[0059] A recombinant yeast cell of the invention may be one in which no more than about 50%, no more than about
40%, no more than about 30%, no more than about 20%, no more than about 10% of the rebA produced by the cell is
outside the cell.

[0060] A recombinant yeast cell of the invention may be one in which no more than about 50%, no more than about
40%, no more than about 30%, no more than about 20%, no more than about 10% of the rebD produced by the cell is
outside the cell.

[0061] A recombinant yeast cell of the invention may be one in which no more than about 50%, no more than about
40%, no more than about 30%, no more than about 20%, no more than about 10% of the rebM produced by the cell is
outside the cell.

[0062] A recombinant yeast cell of the invention may be one where the average glycosylation number of the steviol
glycosides is at least 3, at least 4, at least 5, at least 6 or more. The average glycosylation number may be increased
or decreased in comparison with a corresponding cell not modified according to the invention. For example, average
glycosylation may decrease when a polypeptide as described herein is overexpressed. For example, average glyco-
sylation may increase (in particular in a cell itself) when expression of a polypeptide of the invention is reduced.
[0063] The average glycosylation may refer to that in the supernatant of a recombinant yeast cell of the invention or
to the average glycosylation in the broth (pellet + supernatant).
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[0064] The invention thus provides a recombinant yeast cell capable of producing a steviol glycoside either overex-
pressing or deficient in the expression of a polypeptide comprising the amino acid sequence set forth in SEQ ID NO: 29
or an amino acid sequence having at least about 70% sequence identity thereto. Such an amino acid sequence has an
effect of steviol glycoside transport, i.e. is a mediator of steviol glycoside transport.

[0065] The polypeptide may also be defined as one comprising the following amino acid sequence (or an amino acid
sequence having at least about 45% sequence identity thereto):

MGKTEVTQESLECGSVTSSLGKKPFSIITLFTGRRIPPYPTEKPDSAEERAGILSKLTWQWLSPLL
KTGYLRNIEREDLYKVRERNSAAVIQQRLESNLEKQYAKYHAKLLKKGLSEQEAHLKLQDSAKPL
VLALNQTFFWKFWLAGLFALVKDLCGIASAMVSRVLIEYIQDRYLYRGTDREPKVGRGVGPSIGL
FLLAVGVTFFFNHMFYNVKMVGAQARAALVAVIYSKSTRLSAKGRAQYTTGKITNLAAIDAHRVDL
SCESFHYITIFLPVVGCAIAVLVVNLKVAALVGIATMIVLIFVVAGITIFSMKLRAIIVKLTDKRVTYIRE
ALQSIRIIKYYGWEVPYCDKIKKVRLDETRNYAKMGSIRGTAIGMFQALPILAGALSFITYAALGHG
TDPARMFSSLTLFNLLLPALAVLPQALQAAGDARVALRRIQRFLGAEESTPTTVFDATLESTDDAV
IVEDASFIWPEVVDDKSDKEKAKDAKKEEKDKKKAEKKAKKAAKKAAKEIAVVWVEEEVEHEKTEG
SSESEKGTLKSTFKGFNNLSFKIKRGEFVVVTGPIGSGKSSLLAAITGSMVLTGGSVRVSSTEWIG
CLEPWIQNATVRDNIVFGRKFDSEWYRTVVTACQLSQDLKIMTHGDNTMIGERGITVSGGQKARI
NLARAIYGNPEILIMDDVLSAVDARVGAGIVDDCLRGLAKNSTRILATHQLSVLPKADHVIFMDAEG
QFHIGTYQELEADNEQFKALLAAGSMSKEEVVAVDETEVVIEGDLEDDCDNKEEYEDAAETISILA
DATQELQKVTTTVSAFEENDNMMEEEERMRDAVGLHVYWQYFRQANPSRVKVMMFIGMIFISMI
VIAFLFVFTSVWLSFWTGDRFHASRNFYTGIYIMLGILLLLAVAGYMIVNEINSAMAARNLHNHALD
SVFAARTSFFDTTPQGRIINRFTRDTDSLDNELAMRLTMLFFGVSAFFSNFLLTCVYVPYVTLVLV
PVGFVFYVSLGYYRKSAREVKRIDSIERSHMMSVFNESISGMPVIIMYKAQHRLMNKLQATLDDM
DSAYFLTAANQRWLSLRLDGLGSLVVLVATILVAVGVFDLTPSNMGLIISAASFIPEVMSMVAQAV
AELENCMNATERILYYKDNIPAEAAREVDGTELDQRPNWPEQGAISFNNVSMKYRDGLPYVLKS
LSVDFQGGHKVGICGRTGAGKSTILQTLYRIVELAEGSITIDGVDISTIGLHQLRSQLSIIPQEPVLFL

GTIRSNLDPLEQYSDAELWGSLRRSGLLDEGETEGKFHLDQKVEADGSNFSLGERQLLTLARAL
LRNTKILVLDEATSNVDYKTDKLVQETISREFGHCTILCIAHRLRTIAKYDRILVLESGEINQYDTPW
NLYNDKEGIFRGMCDTSGLNEVDFNK (SEQ ID NO: 29).

[0066] A polypeptide, typically having steviol glycoside transport mediating activity, may comprise an amino acid
sequence having at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%,
at least about 75%, at least about 80%, at least about 85%, at least about, 86%, at least about 87%, at least about 88%,
at least about 89%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98% or at least about 99% sequence identity
to SEQ ID NO: 29.

[0067] A polypeptide, typically having steviol glycoside transport mediating activity, encoded by a recombinant nucleic
acid present in a recombinant yeast host of the invention may comprise an amino acid sequence which is a fragment
of an amino acid sequence described herein, for example a truncated version of such an amino acid sequence.
[0068] That is to say, the disclosure also relates to a recombinant yeast host overexpressing a biologically active
fragment of a polypeptide having steviol glycoside transport mediating activity as described herein.

[0069] Biologically active fragments of a polypeptide include polypeptides comprising amino acid sequences sufficiently
identical to or derived from the amino acid sequence of SEQ ID NO: 29 which include fewer amino acids than the full-
length polypeptide as given in SEQ ID NO: 29, but which exhibit at least one biological activity of the corresponding full-
length polypeptide.

[0070] Typically, biologically active fragments comprise a domain or motif with at least one activity of the polypeptide.
A biologically active fragment of a polypeptide can be a polypeptide which is, for example, about 10, about 25, about
50, about 100 or more amino acids in length or at least about 100 amino acids, at least 150, 200, 250, 300, 350, 400,
600, 1000 amino acids in length, or of a length up to the total number of amino acids of the polypeptide. Moreover, other
biologically active portions, in which other regions of the polypeptide are deleted, can be prepared by recombinant
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techniques and evaluated for one or more of the biological activities of the native form of a polypeptide. The disclosure
also features nucleic acid fragments which encode the above biologically active fragments of the polypeptide. A recom-
binant yeast host may overexpress or be deficient in such a polypeptide.

[0071] A recombinant yeast host may comprise recombinant nucleic acid sequences encoding more than one such
polypeptide, for example two, three, four or more such polypeptides. The polypeptides thus encoded may be the same
or different.

[0072] Arecombinantyeastcell maybe modified so astoreduce the expression level of more than one such polypeptide,
for example two, three, four or more such polypeptides.

[0073] An overexpressed polypeptide encoded by a recombinant nucleic acid present in a recombinant host may be
one which is obtainable from or derived from or found in an organism of the genus Yarrowia, for example one which is
obtainable from or derived from or found in a Yarrowia lipolytica.

[0074] As used herein, the term "polypeptide"” refers to a molecule comprising amino acid residues linked by peptide
bonds and containing more than five amino acid residues. The amino acids are identified by either the single-letter or
three-letter designations. The term "protein" as used herein is synonymous with the term "polypeptide" and may also
refer to two or more polypeptides. Thus, the terms "protein”, "peptide" and "polypeptide" can be used interchangeably.
Polypeptides may optionally be modified (e.g., glycosylated, phosphorylated, acylated, farnesylated, prenylated, sul-
fonated, and the like) to add functionality. Polypeptides exhibiting activity may be referred to as enzymes. It will be
understood that, as a result of the degeneracy of the genetic code, a multitude of nucleotide sequences encoding a
given polypeptide may be produced.

[0075] A polypeptide encoded by a recombinant nucleic acid for use in a recombinant host of the invention may
comprise a signal peptide and/or a propeptide sequence. In the event that a polypeptide comprises a signal peptide
and/or a propeptide, sequence identity may be calculated over the mature polypeptide sequence.

[0076] A recombinant nucleic acid sequence for use in a recombinant yeast host of the invention may be provided in
the form of a nucleic acid construct. The term "nucleic acid construct” refers to a nucleic acid molecule, either single-or
double-stranded, which is isolated from a naturally occurring gene or which has been modified to contain segments of
nucleic acid which are combined and juxtaposed in a manner which would not otherwise exist in nature. The term nucleic
acid construct is synonymous with the term "expression cassette" when the nucleic acid construct contains all the control
sequences required for expression of a coding sequence, wherein said control sequences are operably linked to said
coding sequence.

[0077] A recombinant nucleic acid sequence for use in a recombinant yeast host of the invention may be provided in
the form of an expression vector, wherein the polynucleotide sequence is operably linked to at least one control sequence
for the expression of the polynucleotide sequence in a recombinant host cell.

[0078] The term "operably linked" as used herein refers to two or more nucleic acid sequence elements that are
physically linked and are in a functional relationship with each other. For instance, a promoter is operably linked to a
coding sequence if the promoter is able to initiate or regulate the transcription or expression of a coding sequence, in
which case the coding sequence should be understood as being "under the control of" the promoter. Generally, when
two nucleic acid sequences are operably linked, they will be in the same orientation and usually also in the same reading
frame. They usually will be essentially contiguous, although this may not be required.

[0079] An expression vector comprises a polynucleotide coding for a polypeptide as described herein, operably linked
to the appropriate control sequences (such as a promoter, and transcriptional and translational stop signals) for expression
and/or translation in vitro, or in the host cell of the polynucleotide.

[0080] The expression vector may be any vector (e.g., a plasmid or virus), which can be conveniently subjected to
recombinant DNA procedures and can bring about the expression of the polynucleotide. The choice of the vector will
typically depend on the compatibility of the vector with the cell into which the vector is to be introduced. The vectors may
be linear or closed circular plasmids. The vector may be an autonomously replicating vector, i.e., a vector, which exists
as an extra-chromosomal entity, the replication of which is independent of chromosomal replication, e.g., a plasmid, an
extra-chromosomal element, a mini-chromosome, or an artificial chromosome.

[0081] Alternatively, the vector may be one which, when introduced into the host cell, is integrated into the genome
and replicated together with the chromosome(s) into which it has been integrated. The integrative cloning vector may
integrate at random or at a predetermined target locus in the chromosomes of the host cell. A vector may comprise one
or more selectable markers, which permit easy selection of transformed cells.

[0082] A recombinant host capable of producing a steviol glycoside which has been modified, preferably in its genome,
to result in a deficiency in the production of a polypeptide described herein may be generated according to methods well
known to those skilled in the art. A sequence encoding a polypeptide as described herein may be modified such that
less or no expression of the polypeptide takes place. A sequence encoding a polypeptide as described herein may be
partially or entirely deleted, for example.

[0083] A recombinant yeast host may comprise any polypeptide as described herein. A recombinant host may over-
express or be deficient in any polypeptide described herein. Typically, a recombinant host of the invention is capable of
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producing a steviol glycoside. For example, a recombinant host of the invention may be capable of producing one or
more of, for example, steviol-13-monoside, steviol-19-monoside, 13-[(3-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid
2-O-B-D-glucopyranosyl-p-D-glucopyranosyl ester, rubusoside, stevioside, steviol-19-diside, steviolbioside, rebA, rebE,
rebD or rebM.

[0084] A recombinant yeast host of the invention may comprise one or more recombinant nucleic acid sequences
encoding one or more polypeptides having UDP-glycosyltransferase (UGT) activity.

[0085] For the purposes of this invention, a polypeptide having UGT activity is one which has glycosyltransferase
activity (EC 2.4), i.e. that can act as a catalyst for the transfer of a monosaccharide unit from an activated nucleotide
sugar (also known as the "glycosyl donor") to a glycosyl acceptor molecule, usually an alcohol. The glycosyl donor for
a UGT is typically the nucleotide sugar uridine diphosphate glucose (uracil-diphosphate glucose, UDP-glucose).
[0086] Such additional UGTs may be selected so as to produce a desired steviol glycoside. Schematic diagrams of
steviol glycoside formation are set out in Humphrey et al., Plant Molecular Biology (2006) 61: 47-62 and Mohamed et
al., J. Plant Physiology 168 (2011) 1136-1141. In addition, Figure 21 sets out a schematic diagram of steviol glycoside
formation.

[0087] A recombinantyeast host of the invention may thus comprise one or more recombinant nucleic acid sequences
encoding one or more of:

(i) a polypeptide having UGT74G1 activity;

(i) a polypeptide having UGT2 activity;

(iii) a polypeptide having UGT85C2 activity; and
(iv) a polypeptide having UGT76G1 activity.

[0088] A recombinantyeast suitable for use in the invention may comprise a nucleotide sequence encoding a polypep-
tide capable of catalyzing the addition of a C-13-glucose to steviol. That is to say, a recombinant yeast suitable for use
in a method of the invention may comprise a UGT which is capable of catalyzing a reaction in which steviol is converted
to steviolmonoside.

[0089] Such a recombinant yeast suitable for use in a method of the invention may comprise a nucleotide sequence
encoding a polypeptide having the activity shown by UDP-glycosyltransferase (UGT) UGT85C2, whereby the nucleotide
sequence upon transformation of the yeast confers on that yeast the ability to convert steviol to steviolmonoside.
[0090] UGTB85C2 activity is transfer of a glucose unit to the 13-OH of steviol. Thus, a suitable UGT85C2 may function
asauridine 5’-diphospho glucosy!: steviol 13-OH transferase, and a uridine 5’-diphospho glucosy!: steviol- 19-0- glucoside
13-OH transferase. A functional UGT85C2 polypeptides may also catalyze glucosyl transferase reactions that utilize
steviol glycoside substrates other than steviol and steviol- 19-O-glucoside. Such sequences may be referred to as UGT1
sequences herein.

[0091] Arecombinantyeast suitable for use in the invention may comprise a nucleotide sequence encoding a polypep-
tide which has UGT2 activity.

[0092] A polypeptide having UGT2 activity is one which functions as a uridine 5’-diphospho glucosyl: steviol- 13-O-
glucoside transferase (also referred to as a steviol-13- monoglucoside 1,2-glucosylase), transferring a glucose moiety
to the C-2’ of the 13- O-glucose of the acceptor molecule, steviol- 13-O-glucoside. Typically, a suitable UGT2 polypeptide
also functions as a uridine 5’-diphospho glucosyl: rubusoside transferase transferring a glucose moiety to the C-2’ of
the 13-O-glucose of the acceptor molecule, rubusoside.

[0093] A polypeptide having UGT2 activity may also catalyze reactions that utilize steviol glycoside substrates other
than steviol- 13-0-glucoside and rubusoside, e.g., functional UGT2 polypeptides may utilize stevioside as a substrate,
transferring a glucose moiety to the C-2’ of the 19-O-glucose residue to produce rebaudioside E. A functional UGT2
polypeptides may also utilize rebaudioside A as a substrate, transferring a glucose moiety to the C-2’ of the 19-O-glucose
residue to produce rebaudioside D. However, a functional UGT2 polypeptide may be one which does not transfer a
glucose moiety to steviol compounds having a 1,3-bound glucose at the C- 13 position, i.e., transfer of a glucose moiety
to steviol 1,3-bioside and 1,3-stevioside typically does not occur.

[0094] A polypeptide having UGT2 activity may also transfer sugar moieties from donors other than uridine diphosphate
glucose. Forexample, a polypeptide having UGT2 activity act as a uridine 5’-diphospho D-xylosyl: steviol- 13 -O-glucoside
transferase, transferring a xylose moiety to the C-2’ of the 13-O-glucose of the acceptor molecule, steviol- 13 -O-glucoside.
As another example, a polypeptide having UGT2 activity may act as a uridine 5’-diphospho L-rhamnosyl: steviol- 13-0-
glucoside transferase, transferring a rhamnose moiety to the C-2’ of the 13-O-glucose of the acceptor molecule, steviol.
[0095] A recombinant yeast suitable for use in the method of the invention may comprise a nucleotide sequence
encoding a polypeptide having UGT activity may comprise a nucleotide sequence encoding a polypeptide capable of
catalyzing the addition of a C-19-glucose to steviolbioside. That is to say, a recombinant yeast of the invention may
comprise a UGT which is capable of catalyzing a reaction in which steviolbioside is converted to stevioside. Accordingly,
such a recombinant yeast may be capable of converting steviolbioside to stevioside. Expression of such a nucleotide
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sequence may confer on the recombinant yeast the ability to produce at least stevioside.

[0096] A recombinantyeastsuitable for use in a method of the invention may thus also comprise a nucleotide sequence
encoding a polypeptide having the activity shown by UDP-glycosyltransferase (UGT) UGT74G1, whereby the nucleotide
sequence upon transformation of the yeast confers on the cell the ability to convert steviolbioside to stevioside.

[0097] Suitable UGT74G1 polypeptides may be capable of transferring a glucose unit to the 13-OH and/or the 19-
COOH of steviol. A suitable UGT74G1 polypeptide may function as a uridine 5’-diphospho glucosyl: steviol 19-COOH
transferase and/or a uridine 5’-diphospho glucosyl: steviol- 13-O-glucoside 19-COOH transferase. Functional UGT74G1
polypeptides also may catalyze glycosyl transferase reactions that utilize steviol glycoside substrates other than steviol
and steviol- 13-O-glucoside, or that transfer sugar moieties from donors other than uridine diphosphate glucose. Such
sequences may be referred to herein as UGT3 sequences.

[0098] A recombinant yeast suitable for use in a method the invention may comprise a nucleotide sequence encoding
a polypeptide capable of catalyzing glucosylation of the C-3’ of the glucose at the C-13 position of stevioside. That is to
say, a recombinant yeast suitable for use in a method of the invention may comprise a UGT which is capable of catalyzing
a reaction in which stevioside is converted to rebaudioside A. Accordingly, such a recombinant yeast may be capable
of converting stevioside to rebaudioside A. Expression of such a nucleotide sequence may confer on the yeast the ability
to produce at least rebaudioside A.

[0099] Arecombinantyeast suitable for use in a method of the invention may thus also comprise a nucleotide sequence
encoding a polypeptide having the activity shown by UDP-glycosyltransferase (UGT) UGT76G1, whereby the nucleotide
sequence upon transformation of a yeast confers on that yeast the ability to convert stevioside to rebaudioside A.
[0100] A suitable UGT76G1 adds a glucose moiety to the C-3’ of the C-13-O-glucose of the acceptor molecule, a
steviol 1,2 glycoside. Thus, UGT76G1 functions, for example, as a uridine 5’-diphospho glucosyl: steviol 13-0-1,2 glu-
coside C-3’ glucosyl transferase and a uridine 5’-diphospho glucosyl: steviol- 19-0-glucose, 13-0-1,2 bioside C-3’ glucosyl
transferase. Functional UGT76G1 polypeptides may also catalyze glucosyl transferase reactions that utilize steviol
glycoside substrates that contain sugars other than glucose, e.g., steviol rhamnosides and steviol xylosides. Such
sequences may be referred to herein as UGT4 sequences. A UGT4 may alternatively or in addition be capable of
converting RebD to RebM.

[0101] A recombinant yeast suitable for use in a method of the invention typically comprises nucleotide sequences
encoding at least one polypeptide having UGT1 activity, at least one polypeptide having UGT2 activity, least one polypep-
tide having UGT3 activity and at least one polypeptide having UGT4 activity. One or more of these nucleic acid sequences
may be recombinant. A given nucleic acid may encode a polypeptide having one or more of the above activities. For
example, a nucleic acid encode for a polypeptide which has two, three or four of the activities set out above. Preferably,
a recombinant yeast for use in the method of the invention comprises UGT1, UGT2 and UGT3 and UGT4 activity.
Suitable UGT1, UGT2, UGT3 and UGT4 sequences are described in Table 1 of WO2015/007748.

[0102] A recombinant yeast host of the invention may comprise two or more nucleic acid sequences encoding a
polypeptide having any one UGT activity, forexample UGT1, 2, 3 or 4, activity. Where a recombinant host of the invention
comprises two or more nucleic acid sequence encoding a polypeptide having any one UGT activity, those nucleic acid
sequences may be the same or different and/or may encode the same or different polypeptides. In particular, a recom-
binant host of the invention may comprise a nucleic acid sequence encoding a two different UGT2 polypeptides.
[0103] A recombinant yeast host according to the invention may comprise one or more recombinant nucleotide se-
quence(s) encoding one of more of:

a polypeptide having ent-copalyl pyrophosphate synthase activity;
a polypeptide having ent-Kaurene synthase activity;

a polypeptide having ent-Kaurene oxidase activity; and

a polypeptide having kaurenoic acid 13-hydroxylase activity.

[0104] For the purposes of this invention, a polypeptide having ent-copalyl pyrophosphate synthase (EC 5.5.1.13) is
capable of catalyzing the chemical reation:
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[0105] This enzyme has one substrate, geranylgeranyl pyrophosphate, and one product, ent-copalyl pyrophosphate.
This enzyme participates in gibberellin biosynthesis. This enzyme belongs to the family of isomerase, specifically the
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class of intramolecular lyases. The systematic name of this enzyme class is ent-copalyl-diphosphate lyase (decyclizing).
Other names in common use include having ent-copalyl pyrophosphate synthase, ent-kaurene synthase A, and ent-kau-
rene synthetase A.

[0106] Suitable nucleic acid sequences encoding an ent-copalyl pyrophosphate synthase may for instance comprise
a sequence as set outin SEQ ID. NO: 1, 3, 5,7, 17, 19, 59, 61, 141, 142, 151, 152, 153, 154, 159, 160, 182 or 184 of
W0O2015/007748.

[0107] Forthe purposes of this invention, a polypeptide having ent-kaurene synthase activity (EC 4.2.3.19)is a polypep-
tide that is capable of catalyzing the chemical reaction:

ent-copalyl diphosphate 2ent-kaurene + diphosphate

[0108] Hence, this enzyme has one substrate, ent-copalyl diphosphate, and two products, ent-kaurene and diphos-
phate.

[0109] This enzyme belongs to the family of lyases, specifically those carbon-oxygen lyases acting on phosphates.
The systematic name of this enzyme class is ent-copalyl-diphosphate diphosphate-lyase (cyclizing, ent-kaurene-form-
ing). Other names in common use include ent-kaurene synthase B, ent-kaurene synthetase B, ent-copalyl-diphosphate
diphosphate-lyase, and (cyclizing). This enzyme participates in diterpenoid biosynthesis.

[0110] Suitable nucleic acid sequences encoding an ent-Kaurene synthase may for instance comprise a sequence
as set out in SEQ ID. NO: 9, 11, 13, 15, 17, 19, 63, 65, 143, 144, 155, 156, 157, 158, 159, 160, 183 or 184 of
W0O2015/007748.

[0111] ent-copalyl diphosphate synthases may also have a distinct ent-kaurene synthase activity associated with the
same protein molecule. The reaction catalyzed by ent-kaurene synthase is the next step in the biosynthetic pathway to
gibberellins. The two types of enzymic activity are distinct, and site-directed mutagenesis to suppress the ent-kaurene
synthase activity of the protein leads to build up of ent-copalyl pyrophosphate.

[0112] Accordingly, a single nucleotide sequence used in a recombinant yeast host of the invention may encode a
polypeptide having ent-copalyl pyrophosphate synthase activity and ent-kaurene synthase activity. Alternatively, the two
activities may be encoded two distinct, separate nucleotide sequences.

[0113] For the purposes of this invention, a polypeptide having ent-kaurene oxidase activity (EC 1.14.13.78) is a
polypeptide which is capable of catalysing three successive oxidations of the 4-methyl group of ent-kaurene to give
kaurenoic acid. Such activity typically requires the presence of a cytochrome P450.

[0114] Suitable nucleic acid sequences encoding an ent-Kaurene oxidase may for instance comprise a sequence as
set out in SEQ ID. NO: 21, 23, 25, 67, 85, 145, 161, 162, 163, 180 or 186 of WO2015/007748.

[0115] For the purposes of the invention, a polypeptide having kaurenoic acid 13-hydroxylase activity (EC 1.14.13) is
one which is capable of catalyzing the formation of steviol (ent-kaur-16-en-13-ol-19-oic acid) using NADPH and O.,.
Such activity may also be referred to as ent-ka 13-hydroxylase activity.

[0116] Suitable nucleic acid sequences encoding a kaurenoic acid 13-hydroxylase may for instance comprise a se-
quence as setoutin SEQID.NO: 27, 29, 31, 33,69, 89, 91, 93, 95, 97, 146, 164, 165, 166, 167 or 185 of WO2015/007748.
[0117] A recombinant yeast host of the invention may comprise a recombinant nucleic acid sequence encoding a
polypeptide having NADPH-cytochrome p450 reductase activity. That is to say, a recombinant host of the invention may
be capable of expressing a nucleotide sequence encoding a polypeptide having NADPH-cytochrome p450 reductase
activity. For the purposes of the invention, a polypeptide having NADPH-Cytochrome P450 reductase activity (EC 1.6.2.4;
also known as NADPH:ferrihemoprotein oxidoreductase, NADPH:hemoprotein oxidoreductase, NADPH:P450 oxidore-
ductase, P450 reductase, POR, CPR, CYPOR) is typically one which is a membrane-bound enzyme allowing electron
transfer to cytochrome P450in the microsome of the eukaryotic cell from a FAD- and FMN-containing enzyme NADPH:cy-
tochrome P450 reductase (POR; EC 1.6.2.4).

[0118] In a recombinant yeast host of the invention, the ability of the host to produce geranylgeranyl diphosphate
(GGPP) may be upregulated. Upregulated in the context of this invention implies that the recombinant host produces
more GGPP than an equivalent non-recombinant host.

[0119] Accordingly, a recombinant yeast host of the invention may comprise one or more nucleotide sequence(s)
encoding hydroxymethylglutaryl-CoA reductase, farnesyl-pyrophosphate synthetase and geranylgeranyl diphosphate
synthase, whereby the nucleotide sequence(s) upon transformation of a host confer(s) on that host the ability to produce
elevated levels of GGPP. Thus, a recombinant host according to the invention may comprise one or more recombinant
nucleic acid sequence(s) encoding one or more of hydroxymethylglutaryl-CoA reductase, farnesyl-pyrophosphate syn-
thetase and geranylgeranyl diphosphate synthase.

[0120] Accordingly, a recombinant yeast host of the invention may comprise nucleic acid sequences encoding one or
more of:

a polypeptide having hydroxymethylglutaryl-CoA reductase activity;
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a polypeptide having farnesyl-pyrophosphate synthetase activity.

A host of the present disclosure may be a prokaryotic archaebacterial or eukaryotic host cell.

[0121] A prokaryotic host cell may, but is not limited to, a bacterial host cell. An eukaryotic host cell may be, but is not
limited to, a yeast, a fungus, an amoeba, an algae, an animal, an insect host cell.

[0122] An eukaryotic host cell may be a fungal host cell. "Fungi" include all species of the subdivision Eumycotina
(Alexopoulos, C. J., 1962, In: Introductory Mycology, John Wiley & Sons, Inc., New York). The term fungus thus includes
among others filamentous fungi and yeast.

[0123] "Filamentous fungi" are herein defined as eukaryotic microorganisms that include all filamentous forms of the
subdivision Eumycotina and Oomycota (as defined by Hawksworth et al., 1995, supra). The filamentous fungi are
characterized by a mycelial wall composed of chitin, cellulose, glucan, chitosan, mannan, and other complex polysac-
charides. Vegetative growth is by hyphal elongation and carbon catabolism is obligatory aerobic. Filamentous fungal
strains include, but are not limited to, strains of Acremonium, Aspergillus, Agaricus, Aureobasidium, Cryptococcus,
Corynascus, Chrysosporium, Filibasidium, Fusarium, Humicola, Magnaporthe, Monascus, Mucor, Myceliophthora, Mor-
tierella, Neocallimastix, Neurospora, Paecilomyces, Penicillium, Piromyces, Phanerochaete Podospora, Pycnoporus,
Rhizopus, Schizophyllum, Sordaria, Talaromyces, Rasmsonia, Thermoascus, Thielavia, Tolypocladium, Trametes and
Trichoderma. Preferred filamentous fungal strains that may serve as host cells belong to the species Aspergillus niger,
Aspergillus oryzae, Aspergillus fumigatus, Penicillium chrysogenum, Penicillium citrinum, Acremonium chrysogenum,
Trichoderma reesei, Rasamsonia emersonii (formerly known as Talaromyces emersonii), Asperqgillus sojae, Chrysospo-
rium lucknowense, Myceliophtora thermophyla. Reference host cells for the comparison of fermentation characteristics
of transformed and untransformed cells, include e.g. Aspergillus niger CBS120.49, CBS 513.88, Aspergillus oryzae
ATCC16868, ATCC 20423, IFO 4177, ATCC 1011, ATCC 9576, ATCC14488-14491, ATCC 11601, ATCC12892, As-
pergillus fumigatus AF293 (CBS101355), P. chrysogenum CBS 455.95, Penicillium citrinum ATCC 38065, Penicillium
chrysogenum P2, Acremonium chrysogenum ATCC 36225, ATCC 48272, Trichoderma reesei ATCC 26921, ATCC
56765, ATCC 26921, Aspergillus sojae ATCC11906, Chrysosporium lucknowense ATCC44006 and derivatives of all
of these strains. Particularly preferred as filamentous fungal host cell are Aspergillus niger CBS 513.88 and derivatives
thereof.

[0124] An eukaryotic host cell may be a yeast cell. Preferred yeast host cells may be selected from the genera:
Saccharomyces (e.g., S. cerevisiae, S. bayanus, S. pastorianus, S. carlsbergensis), Brettanomyces, Kluyveromyces,
Candida (e.g., C. krusei, C. revkaufi, C. pulcherrima, C. tropicalis, C. utilis), Issatchenkia (eg. I. orientalis) Pichia (e.g.,
P. pastoris and P. kudriavzevii), Schizosaccharomyces, Hansenula, Kloeckera, Pachysolen, Schwanniomyces, Trichos-
poron, Yarrowia (e.g., Y. lipolytica (formerly classified as Candida lipolytica)), Yamadazyma.

[0125] Prokaryotic host cells may be bacterial host cells. Bacterial host cell may be Gram negative or Gram positive
bacteria. Examples of bacteria include, but are not limited to, bacteria belonging to the genus Bacillus (e.g., B. subtilis,
B. amyloliquefaciens, B. licheniformis, B. puntis, B. megaterium, B. halodurans, B. pumilus,), Acinetobacter, Nocardia,
Xanthobacter, Escherichia (e.g., E. coli (e.g., strains DH 1 OB, Stbl2, DH5-alpha, DB3, DB3.1), DB4, DB5, JDP682 and
ccdA-over (e.g., U.S. application No. 09/518,188))), Streptomyces, Erwinia, Klebsiella, Serratia (e.g., S. marcessans),
Pseudomonas (e.g., P. aeruginosa), Salmonella (e.g., S. typhimurium, S. typhi). Bacteria also include, but are not limited
to, photosynthetic bacteria (e.g., green non-sulfur bacteria (e.g., Chorofiexus bacteria (e.g., C. aurantiacus), Chloronema
(e.g., C. gigateum)), green sulfur bacteria (e.g., Chlorobium bacteria (e.g., C. limicola), Pelodictyon (e.g., P. luteolum),
purple sulfur bacteria (e.g., Chromatium (e.g., C. okenii)), and purple non-sulfur bacteria (e.g., Rhodospirillum (e.g., R.
rubrum), Rhodobacter (e.g. R. sphaeroides, R. capsulatus), and Rhodomicrobium bacteria (e.g., R. anellii)).

[0126] Host Cells may be host cells from non-microbial organisms. Examples of such cells, include, but are not limited
to, insectcells (e.g., Drosophila (e.g., D. melanogaster), Spodoptera (e.g., S. frugiperda Sf9 or Sf21 cells) and Trichoplusa
(e.g., High-Five cells); nematode cells (e.g., C. elegans cells); avian cells; amphibian cells (e.g., Xenopus laevis cells);
reptilian cells; and mammalian cells (e.g., NIH3T3, 293, CHO, COS, VERO, C127, BHK, Per-C6, Bowes melanoma and
Hela cells).

[0127] A recombinant host according to the present disclosure may be able to grow on any suitable carbon source
known in the art and convert it to a steviol glycoside. The recombinant host may be able to convert directly plant biomass,
celluloses, hemicelluloses, pectines, rhamnose, galactose, fucose, maltose, maltodextrines, ribose, ribulose, or starch,
starch derivatives, sucrose, lactose and glycerol. Hence, a preferred host expresses enzymes such as cellulases (en-
docellulases and exocellulases) and hemicellulases (e.g. endo- and exo-xylanases, arabinases) necessary for the con-
version of cellulose into glucose monomers and hemicellulose into xylose and arabinose monomers, pectinases able
to convert pectines into glucuronic acid and galacturonic acid or amylases to convert starch into glucose monomers.
Preferably, the host is able to convert a carbon source selected from the group consisting of glucose, xylose, arabinose,
sucrose, lactose and glycerol. The host cell may for instance be a eukaryotic host cell as described in WO03/062430,
WO06/009434, EP1499708B1, W0O2006096130 or WO04/099381.

[0128] Thus, in a further aspect, the invention also provides a process for the preparation of a steviol glycoside which
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comprises fermenting a recombinant yeast host of the invention which is capable of producing at least one steviol
glycoside in a suitable fermentation medium, and optionally recovering the steviol glycoside.

[0129] The fermentation medium used in the process for the production of a steviol glycoside may be any suitable
fermentation medium which allows growth of a particular eukaryotic host cell. The essential elements of the fermentation
medium are known to the person skilled in the art and may be adapted to the host cell selected.

[0130] Preferably, the fermentation medium comprises a carbon source selected from the group consisting of plant
biomass, celluloses, hemicelluloses, pectines, rhamnose, galactose, fucose, fructose, maltose, maltodextrines, ribose,
ribulose, or starch, starch derivatives, sucrose, lactose, fatty acids, triglycerides and glycerol. Preferably, the fermentation
medium also comprises a nitrogen source such as ureum, or an ammonium salt such as ammonium sulphate, ammonium
chloride, ammoniumnitrate or ammonium phosphate.

[0131] Thefermentation process according to the presentinvention may be carried out in batch, fed-batch or continuous
mode. A separate hydrolysis and fermentation (SHF) process or a simultaneous saccharification and fermentation (SSF)
process may also be applied. A combination of these fermentation process modes may also be possible for optimal
productivity. A SSF process may be particularly attractive if starch, cellulose, hemicelluose or pectin is used as a carbon
source in the fermentation process, where it may be necessary to add hydrolytic enzymes, such as cellulases, hemicel-
lulases or pectinases to hydrolyse the substrate.

[0132] The recombinant yeast host used in the process for the preparation of a steviol glycoside may be any suitable
recombinant host as defined herein above. It may be advantageous to use a recombinant eukaryotic recombinant host
according to the invention in the process since most eukaryotic cells do not require sterile conditions for propagation
and are insensitive to bacteriophage infections. In addition, eukaryotic host cells may be grown at low pH to prevent
bacterial contamination.

[0133] The recombinant host according to the present disclosure may be a facultative anaerobic microorganism. A
facultative anaerobic recombinant host can be propagated aerobically to a high cell concentration. This anaerobic phase
can then be carried out at high cell density which reduces the fermentation volume required substantially, and may
minimize the risk of contamination with aerobic microorganisms.

[0134] The fermentation process for the production of a steviol glycoside according to the present invention may be
an aerobic or an anaerobic fermentation process.

[0135] An anaerobic fermentation process may be herein defined as a fermentation process run in the absence of
oxygen or in which substantially no oxygen is consumed, preferably less than 5, 2.5 or 1 mmol/L/h, and wherein organic
molecules serve as both electron donor and electron acceptors. The fermentation process according to the present
invention may also first be run under aerobic conditions and subsequently under anaerobic conditions.

[0136] The fermentation process may also be run under oxygen-limited, or micro-aerobical, conditions. Alternatively,
the fermentation process may first be run under aerobic conditions and subsequently under oxygen-limited conditions.
An oxygen-limited fermentation process is a process in which the oxygen consumption is limited by the oxygen transfer
from the gas to the liquid. The degree of oxygen limitation is determined by the amount and composition of the ingoing
gasflow as well as the actual mixing/mass transfer properties of the fermentation equipment used.

[0137] The production of a steviol glycoside in the process according to the present invention may occur during the
growth phase of the host cell, during the stationary (steady state) phase or during both phases. It may be possible to
run the fermentation process at different temperatures.

[0138] The process for the production of a steviol glycoside may be run at a temperature which is optimal for the
recombinant host. The optimum growth temperature may differ for each transformed recombinant host and is known to
the person skilled in the art. The optimum temperature might be higher than optimal for wild type organisms to grow the
organism efficiently under non-sterile conditions under minimal infection sensitivity and lowest cooling cost. Alternatively,
the process may be carried out at a temperature which is not optimal for growth of the recombinant host.

[0139] The process for the production of a steviol glycoside according to the present invention may be carried out at
any suitable pH value. If the recombinant host is a yeast, the pH in the fermentation medium preferably has a value of
below 6, preferably below 5,5, preferably below 5, preferably below 4,5, preferably below 4, preferably below pH 3,5 or
below pH 3,0, or below pH 2,5, preferably above pH 2. An advantage of carrying out the fermentation at these low pH
values is that growth of contaminant bacteria in the fermentation medium may be prevented.

[0140] Such a process may be carried out on an industrial scale. The product of such a process is one or more steviol
glycosides.

[0141] Recovery of steivol glycoside(s) from the fermentation medium may be performed by known methods in the
art, for instance by distillation, vacuum extraction, solvent extraction, or evaporation.

[0142] In the process for the production of a steviol glycoside according to the invention, it may be possible to achieve
a concentration of above 5 mg/l fermentation broth, preferably above 10 mg/l, preferably above 20 mg/l, preferably above
30 mg/l fermentation broth, preferably above 40 mg/l, more preferably above 50 mg/l, preferably above 60 mg/l, preferably
above 70, preferably above 80 mgl/l, preferably above 100 mg/l, preferably above 1 g/l, preferably above 5 g/l, preferably
above 10 g/l, for example at least about 15g/L, such as at least about 20 g/I.
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[0143] The present disclosure further provides a fermentation broth comprising a steviol glycoside obtainable by the
process of the invention for the preparation of a steivol glycoside.

[0144] In the event that one or more steviol glycosides is expressed within a recombinant host of the invention, such
cells may need to be treated so as to release them. Preferentially, at least one steviol glycoside, for example rebA or
rebM, is produced extracellularly

[0145] The present disclosure also provides a steviol glycoside obtained by a process according to the invention for
the preparation of a steviol glycoside or obtainable from a fermentation broth of the present disclosure. Such a steviol
glycoside may be a non- naturally occurring steviol glycoside, that is to say one which is not produced in plants.
[0146] Also provided is a composition obtainable by a process of the invention (which typically comprises one or more
steviol glycosides), Also provided is a composition comprising two or more steviol glycosides obtainable by a process
of the invention for the preparation of a steviol glycoside or obtainable from a fermentation broth of the disclosure. In
such a composition, one or more of the steviol glycosides may be a non- naturally occurring steviol glycoside, that is to
say one which is not produced in plants. These are all compositions of the present disclosure.

[0147] A composition ofthe present disclosure may be used in any application known for such compounds. In particular,
such a composition may for instance be used as a sweetener, for example in a food or a beverage. According to the
present disclosure therefore, there is provided a foodstuff, feed or beverage which comprises a composition of the
present disclosure.

[0148] For example a composition of the present disclosure may be formulated in soft drinks, as a tabletop sweetener,
chewing gum, dairy product such as yoghurt (eg. plain yoghurt), cake, cereal or cereal-based food, nutraceutical, phar-
maceutical, edible gel, confectionery product, cosmetic, toothpastes or other oral cavity composition, etc. In addition, a
composition of the present disclosure can be used as a sweetener not only for drinks, foodstuffs, and other products
dedicated for human consumption, but also in animal feed and fodder with improved characteristics.

[0149] Accordingly, the present disclosure provides, inter alia, a foodstuff, feed or beverage which comprises a com-
position of the present disclosure.

[0150] During the manufacturing of foodstuffs, drinks, pharmaceuticals, cosmetics, table top products, chewing gum
the conventional methods such as mixing, kneading, dissolution, pickling, permeation, percolation, sprinkling, atomizing,
infusing and other methods can be used.

[0151] A composition of the present disclosure can be used in dry or liquid forms. It can be added before or after heat
treatment of food products. The amount of the sweetener depends on the purpose of usage. It can be added alone or
in the combination with other compounds.

[0152] A composition of the present disclosure may be blended with one or more further non-caloric or caloric sweet-
eners. Such blending may be used to improve flavour or temporal profile or stability. A wide range of both non-caloric
and caloric sweeteners may be suitable for blending with a composition of the present disclosure. For example, non-
caloric sweeteners such as mogroside, monatin, aspartame, acesulfame salts, cyclamate, sucralose, saccharin salts or
erythritol. Caloric sweeteners suitable for blending with a steviol glycoside or a composition of the present disclosure
include sugar alcohols and carbohydrates such as sucrose, glucose, fructose and HFCS. Sweet tasting amino acids
such as glycine, alanine or serine may also be used.

[0153] A composition of the present disclosure can be used in the combination with a sweetener suppressor, such as
anatural sweetener suppressor. It may be combined with an umami taste enhancer, such as an amino acid or a salt thereof.
[0154] A composition of the present disclosure can be combined with a polyol or sugar alcohol, a carbohydrate, a
physiologically active substance or functional ingredient (for example a carotenoid, dietary fiber, fatty acid, saponin,
antioxidant, nutraceutical, flavonoid, isothiocyanate, phenol, plant sterol or stanol (phytosterols and phytostanols), a
polyols, a prebiotic, a probiotic, a phytoestrogen, soy protein, sulfides/thiols, amino acids, a protein, a vitamin, a mineral,
and/or a substance classified based on a health benefits, such as cardiovascular, cholesterol-reducing or antiinflamma-
tory.

[0155] A composition of the present disclosure may include a flavoring agent, an aroma component, a nucleotide, an
organic acid, an organic acid salt, an inorganic acid, a bitter compound, a protein or protein hydrolyzate, a surfactant,
a flavonoid, an astringent compound, a vitamin, a dietary fiber, an antioxidant, a fatty acid and/or a salt.

[0156] A composition of the present disclosure may be applied as a high intensity sweetener to produce zero calorie,
reduced calorie or diabetic beverages and food products with improved taste characteristics. Also it can be used in
drinks, foodstuffs, pharmaceuticals, and other products in which sugar cannot be used.

[0157] In addition, a composition of the present disclosure may be used as a sweetener not only for drinks, foodstuffs,
and other products dedicated for human consumption, but also in animal feed and fodder with improved characteristics.
[0158] Theexamples of products where a composition of the present disclosure can be used as a sweetening compound
can be as alcoholic beverages such as vodka, wine, beer, liquor, sake, etc; natural juices, refreshing drinks, carbonated
soft drinks, diet drinks, zero calorie drinks, reduced calorie drinks and foods, yogurt drinks, instant juices, instant coffee,
powdered types of instant beverages, canned products, syrups, fermented soybean paste, soy sauce, vinegar, dressings,
mayonnaise, ketchups, curry, soup, instant bouillon, powdered soy sauce, powdered vinegar, types of biscuits, rice
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biscuit, crackers, bread, chocolates, caramel, candy, chewing gum, jelly, pudding, preserved fruits and vegetables, fresh
cream, jam, marmalade, flower paste, powdered milk, ice cream, sorbet, vegetables and fruits packed in bottles, canned
and boiled beans, meat and foods boiled in sweetened sauce, agricultural vegetable food products, seafood, ham,
sausage, fish ham, fish sausage, fish paste, deep fried fish products, dried seafood products, frozen food products,
preserved seaweed, preserved meat, tobacco, medicinal products, and many others. In principal it can have unlimited
applications.

[0159] The sweetened composition comprises a beverage, non-limiting examples of which include non-carbonated
and carbonated beverages such as colas, ginger ales, root beers, ciders, fruit-flavored soft drinks (e.g., citrus-flavored
soft drinks such as lemon-lime or orange), powdered soft drinks, and the like; fruit juices originating in fruits or vegetables,
fruit juices including squeezed juices or the like, fruit juices containing fruit particles, fruit beverages, fruit juice beverages,
beverages containing fruit juices, beverages with fruit flavorings, vegetable juices, juices containing vegetables, and
mixed juices containing fruits and vegetables; sport drinks, energy drinks, near water and the like drinks (e.g., water
with natural or synthetic flavorants); tea type or favorite type beverages such as coffee, cocoa, black tea, green tea,
oolong tea and the like; beverages containing milk components such as milk beverages, coffee containing milk compo-
nents, cafe au lait, milk tea, fruit milk beverages, drinkable yogurt, lactic acid bacteria beverages or the like; and dairy
products.

[0160] Generally, the amount of sweetener present in a sweetened composition varies widely depending on the par-
ticular type of sweetened composition and its desired sweetness. Those of ordinary skill in the art can readily discern
the appropriate amount of sweetener to put in the sweetened composition.

[0161] During the manufacturing of foodstuffs, drinks, pharmaceuticals, cosmetics, table top products, chewing gum
the conventional methods such as mixing, kneading, dissolution, pickling, permeation, percolation, sprinkling, atomizing,
infusing and other methods can be used.

[0162] Thus, compositions which incorporate a composition of the present disclosure can be made by any method
known to those skilled in the art that provide homogenous even or homogeneous mixtures of the ingredients. These
methods include dry blending, spray drying, agglomeration, wet granulation, compaction, co-crystallization and the like.
[0163] In solid form a composition of the present disclosure can be provided to consumers in any form suitable for
delivery into the comestible to be sweetened, including sachets, packets, bulk bags or boxes, cubes, tablets, mists, or
dissolvable strips. The composition can be delivered as a unit dose or in bulk form.

[0164] Forliquid sweetener systems and compositions convenient ranges of fluid, semi-fluid, paste and cream forms,
appropriate packing using appropriate packing material in any shape or form shall be invented which is convenient to
carry or dispense or store or transport any combination containing any of the above sweetener products or combination
of product produced above.

[0165] A composition of the present disclosure may include various bulking agents, functional ingredients, colorants,
flavors.

[0166] The terms "sequence homology" or "sequence identity" or "homology" or "identity" are used interchangeably
herein. For the purpose of this invention, it is defined here that in order to determine the percentage of sequence homology
or sequence identity of two amino acid sequences or of two nucleic acid sequences, the sequences are aligned for
optimal comparison purposes. In order to optimize the alignment between the two sequences gaps may be introduced
in any of the two sequences that are compared. Such alignment can be carried out over the full length of the sequences
being compared. Alternatively, the alignment may be carried out over a shorter length, for example over about 20, about
50, about 100 or more nucleic acids/based or amino acids. The sequence identity is the percentage of identical matches
between the two sequences over the reported aligned region.

[0167] A comparison of sequences and determination of percentage of sequence identity between two sequences
can be accomplished using a mathematical algorithm. The skilled person will be aware of the fact that several different
computer programs are available to align two sequences and determine the identity between two sequences (Kruskal,
J. B. (1983) An overview of sequence comparison In D. Sankoff and J. B. Kruskal, (ed.), Time warps, string edits and
macromolecules: the theory and practice of sequence comparison, pp. 1-44 Addison Wesley). The percent sequence
identity between two amino acid sequences or between two nucleotide sequences may be determined using the Needle-
man and Wunsch algorithm for the alignment of two sequences. (Needleman, S. B. and Wunsch, C. D. (1970) J. Mol.
Biol. 48, 443-453). Both amino acid sequences and nucleotide sequences can be aligned by the algorithm. The Needle-
man-Wunsch algorithm has been implemented in the computer program NEEDLE. For the purpose of this invention the
NEEDLE program from the EMBOSS package was used (version 2.8.0 or higher, EMBOSS: The European Molecular
Biology Open Software Suite (2000) Rice,P. Longden,|. and Bleasby,A. Trends in Genetics 16, (6) pp276-277, http://em-
boss.bioinformatics.nl/). For protein sequences EBLOSUMG62 is used for the substitution matrix. For nucleotide sequence,
EDNAFULL is used. The optional parameters used are a gap-open penalty of 10 and a gap extension penalty of 0.5.
The skilled person will appreciate that all these different parameters will yield slightly different results but that the overall
percentage identity of two sequences is not significantly altered when using different algorithms.

[0168] After alignment by the program NEEDLE as described above the percentage of sequence identity between a
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query sequence and a sequence of the invention is calculated as follows: Number of corresponding positions in the
alignment showing an identical amino acid or identical nucleotide in both sequences divided by the total length of the
alignment after subtraction of the total number of gaps in the alignment. The identity defined as herein can be obtained
from NEEDLE by using the NOBRIEF option and is labeled in the output of the program as "longest-identity".

[0169] The nucleic acid and protein sequences can further be used as a "query sequence" to perform a search against
public databases to, for example, identify other family members or related sequences. Such searches can be performed
using the NBLAST and XBLAST programs (version 2.0) of Altschul, et al. (1990) J. Mol. Biol. 215:403-10. BLAST
nucleotide searches can be performed with the NBLAST program, score = 100, wordlength = 12 to obtain nucleotide
sequences homologous to nucleic acid molecules of the invention. BLAST protein searches can be performed with the
XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences homologous to protein molecules of the
invention. To obtain gapped alignments for comparison purposes, Gapped BLAST can be utilized as described in Altschul
et al., (1997) Nucleic Acids Res. 25(17): 3389-3402. When utilizing BLAST and Gapped BLAST programs, the default
parameters of the respective programs (e.g., XBLAST and NBLAST) can be used. See the homepage of the National
Center for Biotechnology Information at http://www.ncbi.nlm.nih.gov/.

[0170] Standard genetic techniques, such as overexpression of enzymes in the host cells, genetic modification of host
cells, or hybridisation techniques, are known methods in the art, such as described in Sambrook and Russel (2001)
"Molecular Cloning: A Laboratory Manual (3rd edition), Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory
Press, or F. Ausubel et al, eds., "Current protocols in molecular biology", Green Publishing and Wiley Interscience, New
York (1987). Methods for transformation, genetic modification etc of fungal host cells are known from e.g. EP-A-0 635
574, WO 98/46772, WO 99/60102 and WO 00/37671, WO90/14423, EP-A-0481008, EP-A-0635 574 and US 6,265,186.
[0171] A reference herein to a patent document or other matter which is given as prior art is not to be taken as an
admission that that document or matter was known or that the information it contains was part of the common general
knowledge as at the priority date of any of the claims.

[0172] The present invention is further illustrated by the following Examples:

EXAMPLES
General

[0173] Standard genetic techniques, such as overexpression of enzymes in the host cells, as well as for additional
genetic modification of host cells, are known methods in the art, such as described in Sambrook and Russel (2001)
"Molecular Cloning: A Laboratory Manual (3rd edition), Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory
Press, or F. Ausubel et al, eds., "Current protocols in molecular biology", Green Publishing and Wiley Interscience, New
York (1987). Methods for transformation and genetic modification of fungal host cells are known from e.g. EP-A-0 635
574, WO 98/46772, WO 99/60102 and WO 00/37671.

Example 1: Description of steviol glycoside production strain ML14094 (MAT-A lineage)

[0174] Two Yarrowia lipolytica strains of mating types MATA and MATB were engineered for steviol glycoside pro-
duction. These strains were mated, the diploid sporulated, and spores with steviol glycoside production were selected.
One of these spores was further developed for the production of steviol glycosides, including the production of Rebau-
dioside A.

[0175] Step 1: Strain ML10371 (MAT-A, lys1-, ura3-, leu2-) was transformed with 5 defined DNA fragments. All trans-
formations were carried out via a lithium acetate/PEG fungal transformation protocol method and transformants were
selected on minimal medium, YPD + 100 ug/ml nourseothricin or YPD + 100 ug/ml hygromycin, as appropriate.

1) a 7.0 kb DNA fragment isolated by gel purification following Hindlll/Notl digestion of plasmid MB6969 (Figure 1).
This construct encodes a synthetic construct for the overexpression of UGT2_1a (SEQ ID NO: 1) linked to the pPGM
promoter (SEQ ID NO: 2) and xprT terminator (SEQ ID NO: 9) and the HPH hygromycin resistance gene, together
flanked by lox sites (Guldener et al, 1996, Lambert et al, 2007), and a synthetic construct for the overexpression of
the codon optimized Y. lipolytica hydroxymethylglutaryl-coenzyme A reductase open reading frame lacking the 5’
membrane anchor sequence (tHMGopt: SEQ ID NO: 15) linked to the pHSP promoter (SEQ ID NO: 3) and cwpT
terminator (SEQ ID NO: 10).

2) a 2.7 kb DNA fragment isolated by gel purification following Hindlll/Sspl digestion of MB6856 (Figure 2). This
construct encodes tHMGopt (SEQ ID NO: 15) linked to the pHYPO promoter (SEQ ID NO: 4) and gpdT terminator
(SEQ ID NO: 11).

3) a 2.5 kb DNA fragment isolated by gel purification following Sspl digestion of MB6857 (Figure 3). This construct
encodes tHMGopt (SEQ ID NO: 15) linked to the pHSP promoter (SEQ ID NO: 3) and cwpT terminator (SEQ ID
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NO: 10).

4) a 2.0 kb DNA fragment isolated by gel purification following Sspl digestion of MB6948 (Figure 4). This construct
encodes a synthetic construct for the overexpression of the codon optimized Y. lipolytica geranyl-geranyl-pyrophos-
phate synthetase (GGSopt: SEQ ID NO: 16) linked to the pHSP promoter (SEQ ID NO: 3) and cwpT terminator
(SEQ ID NO: 10).

5) a 2.2 kb DNA fragment isolated by gel purification following Hindlll/Sspl digestion of MB6958 (Figure 5). This
construct encodes GGSopt (SEQ ID NO: 16) linked to the pHYPO promoter (SEQ ID NO: 4) and gpdT terminator
(SEQ ID NO: 11). The resulting strain was denoted ML13462.

[0176] Step 2. Strain ML13462 was transformed with a 9.7 kb fragment isolated by gel purification following Sfil
digestion of plasmid MB7015 (Figure 6). This construct encodes a synthetic construct for the overexpression of UGT1
(SEQ ID NO: 17) linked to the pENO (SEQ ID NO: 5) promoter and gpdT terminator (SEQ ID NO: 11), UGT3 (SEQ ID
NO: 18) linked to the pHSP promoter (SEQ ID NO: 3) and pgmT terminator (SEQ ID NO: 12), UGT4 (SEQ ID NO: 19)
linked to the pCWP (SEQ NO: 6) promoter and pgkT terminator (SEQ ID NO: 13), and the lox-flanked nourseothricin
resistance marker (NAT). Note that placement of lox sites allows for subsequent removal of nourseothricin resistance
via CRE recombinase mediated recombination. A nourseothricin resistant isolate was denoted ML13500.

[0177] Step 3. Strain ML13500 was transformed with a 9.1 kb fragment isolated by gel purification following Pvul/Sapl
digestion of plasmid MB6986 (Figure 7). This construct encodes tHMGopt (SEQ ID NO: 15) linked to the pHSP promoter
(SEQ ID NO: 3) and cwpT terminator (SEQ ID NO: 10), the lox-flanked URA3blaster prototrophic marker, and GGSopt
(SEQ ID NO: 16) linked to the pHYPO promoter (SEQ ID NO: 4) and gpdT terminator (SEQ ID NO: 11). Transformants
were selected on minimal medium lacking uracil. One selected uracil prototroph was denoted ML13723.

[0178] Step 4. Strain ML13723 was transformed with an 18.1 kb fragment isolated by gel purification following Sfil
digestion of plasmid MB7059 (Figure 8). MB7059 encodes the tCPS_SR (SEQ ID NO: 20) linked to pCWP promoter
(SEQ ID NO: 6) and cwpT terminator (SEQ ID NO: 10), the tKS_SR (SEQ ID NO: 21) linked to the pHYPO promoter
(SEQ ID NO: 4) and gpdT terminator (SEQ ID NO: 11), the KAH_4 (SEQ ID NO: 22) linked to the pHSP promoter (SEQ
ID NO: 3) and pgmT terminator (SEQ ID NO: 12), the KO_Gib (SEQ ID NO: 23) linked to the pTPI promoter (SEQ ID
NO: 7) and pgkT terminator (SEQ ID NO: 13), the CPR_3 (SEQ ID NO: 24) linked to the pENO promoter (SEQ ID NO:
5) and xprT terminator (SEQ ID NO: 9) and the native Y. lipolytica LEU2 locus. One selected rebaudioside A-producing
transformant was denoted ML14032.

[0179] Step 5. Strain ML14032 was struck to YPD and grown overnight and then struck to 5-FOA plates to allow for
recombination mediated loss of the URA3 marker introduced previously. One selected 5-FOA resistant transformant
was denoted ML14093.

[0180] Step 6. Strain ML14093 was transformed with a 19.0 kb fragment isolated by gel purification following Sfil
digestion of plasmid MB7100 (Figure 9). MB7100 encodes the tCPS_SR (SEQ ID NO: 20) linked to the pHYPO promoter
(SEQ ID NO: 4) and cwpT terminator (SEQ ID NO: 10), the tKS_SR (SEQ ID NO: 21) linked to the pCWP promoter
(SEQ ID NO: 6) and gpdT terminator (SEQ ID NO: 11), the KAH_4 (SEQ ID NO: 22) linked to the pHSP promoter (SEQ
ID NO: 3) and pgmT terminator (SEQ ID NO: 12), the KO_Gib (SEQ ID NO: 23) linked to the pENO promoter (SEQ ID
NO: 5) and pgkT terminator (SEQ ID NO: 13), the CPR_3 (SEQ ID NO: 24) linked to the pTPI promoter (SEQ ID NO:
7) and xprT terminator (SEQ ID NO: 9) and URA3blaster prototrophic marker. Transformants were selected on minimal
medium lacking uracil. One selected rebaudioside A producing uracil prototroph was denoted ML14094.

Example 2. Description of steviol glycoside production strain ML14087 (MAT-B lineage):

[0181]

Step 1. Strain ML13206 (MAT-B, ade1-, ure2-, leu2-) was transformed with 5 defined DNA fragments. All transfor-
mations were carried out via a lithium acetate/PEG fungal transformation protocol method and transformants were
selected on minimal medium, YPD + 100 ug/ml nourseothricin or YPD + 100 ug/ml hygromycin, as appropriate.

1) a 7.0 kb DNA fragment isolated by gel purification following Hindlll/Notl digestion of plasmid MB6969 (Figure
1). This construct encodes a synthetic construct for the overexpression of the codon pair optimized (CpO) ORF
of UGT2_1a (SEQ ID NO: 1) linked to the pPGM (SEQ ID NO: 2) promoter and xprT terminator (SEQ ID NO:
9) and the HPH hygromycin resistance gene, together flanked by lox sites (Gildener et al, 1996, Lambert et al,
2007), and a synthetic construct for the overexpression of the codon optimized Y. lipolytica hydroxymethylglu-
taryl-coenzyme A reductase open reading frame lacking the 5° membrane anchor sequence (tHMGopt: SEQ
ID NO: 15) linked to the pHSP promoter (SEQ ID NO: 3) and cwpT terminator (SEQ ID NO: 10).

2)a 2.7 kb DNA fragment isolated by gel purification following Hindlll/Sspl digestion of MB6856 (Figure 2). This
construct encodes tHMGopt (SEQ ID NO: 15) linked to the pHYPO promoter (SEQ ID NO: 4) and gpdT terminator

17



10

15

20

25

30

35

40

45

50

55

EP 3 334 752 B1

(SEQ ID NO: 11).

3)a 2.5 kb DNA fragmentisolated by gel purification following Sspl digestion of MB6857 (Figure 3). This construct
encodes tHMGopt (SEQ ID NO: 15) linked to the pHSP promoter (SEQ ID NO: 3) and cwpT terminator (SEQ
ID NO: 10).

4)a 2.0 kb DNA fragmentisolated by gel purification following Sspl digestion of MB6948 (Figure 4). This construct
encodes a synthetic construct for the overexpression of the codon optimized Y. lipolytica geranyl-geranyl-
pyrophosphate synthetase (GGSopt: SEQ ID NO: 16) linked to the pHSP promoter (SEQ ID NO: 3) and cwpT
terminator (SEQ ID NO: 10).

5) a 2.2 kb DNA fragment isolated by gel purification following Hindlll/Sspl digestion of MB6958 (Figure 5). This
construct encodes GGSopt (SEQ ID NO: 16) linked to the pHYPO (SEQ ID NO: 4) promoter and gpdT terminator
(SEQ ID NO: 11). The resulting strain was denoted ML13465.

Step 2. Strain ML13465 was transformed with 2 defined DNA fragments:

1). a 9.7 kb fragment isolated by gel purification following Sfil digestion of plasmid MB7015 (Figure 6). This
construct encodes a synthetic construct for the overexpression of UGT1 (SEQ ID NO: 17) linked to the pENO
promoter (SEQ ID NO: 5) and gpdT (SEQ ID NO: 11) terminator, UGT3 (SEQ ID NO: 18) linked to the pHSP
promoter (SEQ ID NO: 3) and pgmT terminator (SEQ ID NO: 12), UGT4 (SEQ ID NO: 19) linked to the pCWP
promoter (SEQ ID NO: 6) and pgkT terminator (SEQ ID NO: 13), and the lox-flanked nourseothricin resistance
marker (NAT). Note that placement of lox sites allows for subsequent removal of nourseothricin resistance via
CRE recombinase mediated recombination.

2). a 9.1 kb fragment isolated by gel purification following Pvul/Sapl digestion of plasmid MB6988 (Figure 10).
This construct encodes tHMGopt (SEQ ID NO: 15) linked to the pHSP promoter (SEQ ID NO: 3) and cwpT
terminator (SEQ ID NO: 10), the lox-flanked URA2blaster prototrophic marker, and GGSopt (SEQ ID NO: 16)
linked to the pHYPO promoter (SEQ ID NO: 4) and gpdT terminator (SEQ ID NO: 11). Strains were selected
on YPD + 100 ug/ml nourseothricin and replica plated to minimal medium lacking uracil. A nourseothricin
resistant, uracil prototrophic isolate was denoted ML13490

Step 3. Strain ML13490 was struck to YPD and grown overnight and then struck to 5-FOA plates to allow for
recombination mediated loss of the URA2 marker introduced previously. One selected 5-FOA resistant transformant
was denoted ML13501.

Step 4. Strain ML13501 was transformed with a 9.1 kb fragment isolated by gel purification following Pvul/Sapl
digestion of plasmid MB6988 (Figure 10). Transformants were selected on minimal medium lacking uracil. One
selected uracil prototroph was denoted ML13724.

Step 5. Strain ML13724 was transformed with an 18.1 kb fragment isolated by gel purification following Sfil digestion
of plasmid MB7044 (Figure 11). MB7044 encodes the tCPS_SR (SEQ ID NO: 20) linked to the pHYPO promoter
(SEQ ID NO: 4) and cwpT terminator (SEQ ID NO: 10), the tKS_SR (SEQ ID NO: 21) linked to the pCWP promoter
(SEQ ID NO: 6) and gpdT terminator (SEQ ID NO: 11), the KAH_4 (SEQ ID NO: 22) linked to the pHSP promoter
(SEQ ID NO: 3) and pgmT terminator (SEQ ID NO: 12), the KO_Gib (SEQ ID NO: 23) linked to the pENO promoter
(SEQ ID NO: 5) and pgkT terminator (SEQ ID NO: 13), the CPR_3 (SEQ ID NO: 24) linked to the pTPI promoter
(SEQ ID NO: 7) and xprT terminator (SEQ ID NO: 9) and the LEUZ2 locus. One selected rebaudioside A-producing
transformant was denoted ML14044.

Step 6. Strain ML14044 was struck to YPD and grown overnight and then struck to 5-FOA plates to allow for
recombination mediated loss of the URA2 marker introduced previously. One selected 5°-FOA resistant transformant
was denoted ML14076.

Step 7. Strain ML14076 was transformed with a 19.0 kb fragment isolated by gel purification following Sfil digestion
of plasmid MB7094 (Figure 12). MB7094 encodes the tCPS_SR (SEQ ID NO: 20) linked to the pHYPO promoter
(SEQ ID NO: 4) and cwpT terminator (SEQ ID NO: 10), the tKS_SR (SEQ ID NO: 21) linked to the pCWP promoter
(SEQ ID NO: 6) and gpdT terminator (SEQ ID NO: 11), the KAH_4 (SEQ ID NO: 22) linked to the pHSP promoter
(SEQ ID NO: 3) and pgmT terminator (SEQ ID NO: 12), the KO_Gib (SEQ ID NO: 23) linked to the pENO promoter
(SEQ ID NO: 5) and pgkT terminator (SEQ ID NO: 13), the CPR_3 (SEQ ID NO: 24) linked to the pTPI promoter
(SEQ ID NO: 7) and xprT terminator (SEQ ID NO: 9) and URA2blaster prototrophic marker. Transformants were
selected on minimal medium lacking uracil. One selected rebaudioside A producing uracil prototroph was denoted
ML14087.
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Example 3. Mating MATA and MATB lineage and selecting steviol glycoside-producing progeny

[0182] Strains of opposite mating types (ML14094 and ML14087) with complementary nutritional deficiencies (ADE1+
lys1- and ade1- LYS1+) were allowed to mate and then plated on selective media that would allow only diploids to grow
(minimal media lacking both adenine and lysine). Diploid cells (ML14143) were then induced to undergo meiosis and
sporulation by starvation, and the resulting haploid progenies were replica-plated to identify prototrophic isolates with
hygromycin and nourseothricin resistance. One selected rebaudioside A-producing strain was denoted ML14737

Example 4. Making the strain UGT2 1a-free

[0183] The hygromycin antibiotic marker and the nourseothricin antibiotic marker were removed from strain ML14737
after transformation with MB6128 (Figure 13) which encodes a construct for constitutive overexpression of the CRE
recombinase. CRE recombinase deletes the antibiotics markers by recombination over the Lox66 and Lox71 sites. An
inactive Lox72 site is left in the genome (Gildener et al, 1996, Lambert et al, 2007). Plasmid MB6128 is a CEN plasmid
which replicates episomally in Yarrowia lipolytica and which contains the CRE recombinase coding region under control
of the native Yarrowia lipolytica pHHF promoter and hhfT terminator, and a neoR (encoding for G418 resistance) under
the control of the native Yarrowia lipolytica pTEF1 promoter and xprT terminator. After selection of MB6128 transformants
on YPD + G418 and screening for transformants that lost hygromycin and nourseothricin resistance by successful Cre-
Lox recombination, the sensitive colonies were grown on non-selective medium to remove the MB6128 CEN plasmid
(spontaneous loss of the CEN plasmid). The resulting antibiotic marker-free variant is denoted ML14869. This strain no
longer produces rebaudioside A due to the loss of UGT2_1a along with the hygromycin resistance and produces the
intermediate rubusoside instead.

Example 5. Introduction of UGT2 10b

[0184] ML14869 was transformed with a 4.2 kb DNA fragment produced by PCR and purified following gel electro-
phoresis. The fragmentencoded a sequence optimized variantof UGT2_10b (SEQ ID NO: 25) and hygromycin resistance.
The DNA fragment was generated by fusion PCR as follows. UGT2_10b was codon pair optimized for expression in Y.
lipolytica and synthesized by DNAZ2.0, linked to the native Yarrowia lipolytica pHSP promoter and gpdT terminator and
flanked by connector sequences. This 1.4 kb DNA fragment was amplified using appropriate oligos and purified by gel
electrophoresis. The HPH marker was flanked by lox sites, and linked to the Ashbya gossypiipTEF1 promoter and tef1T
terminator and flanked by connector sequences. This 1.8 kb DNA fragment was amplified using appropriate oligos and
purified by gel electrophoresis. A 4.2 kb DNA fragment was obtained by PCR using these two DNA fragments with
followed by gel electrophoresis and purification. Transformation of ML14869 with this defined DNA fragment and selection
on YPD + 100 ug/ml hygromycin yielded the rebaudioside A producing strain ML14937.

Example 6. Making strain ML14937 marker-free

[0185] The hygromycin antibiotic marker was removed from strain ML14937 after transformation with MB6128 (Figure
13) which encodes a construct for constitutive overexpression of the CRE recombinase. CRE recombinase deletes the
antibiotics markers by recombination over the Lox66 and Lox71 sites. An inactive Lox72 site is left in the genome
(Guldener et al, 1996, Lambert et al, 2007). Plasmid MB6128 is a CEN plasmid which replicates episomally in Yarrowia
lipolytica and which contains the CRE recombinase coding region under control of the native Yarrowia lipolytica pHHF
promoter and hhfT terminator and a neoR (encoding for G418 resistance) under the control of the native Yarrowia
lipolytica pTEF1 promoter and xprT terminator. After selection of MB6128 transformants on YPD + G418 and screening
for transformants that lost hygromycin and nourseothricin resistance by successful Cre-Lox recombination, the sensitive
colonies were grown on non-selective medium to remove the MB6128 CEN plasmid (spontaneous loss of the CEN
plasmid). The resulting antibiotic marker-free variant is denoted ML14958.

Example 7. Transformation with extra gene copies

[0186] Strain ML14958 was struck to YPD and grown overnight and then struck to 5-FOA plates to allow for recom-
bination-mediated loss of the URA2 marker. One selected 5’-FOA resistant transformant was denoted ML15075. Strain
ML15075 was transformed with 3 defined DNA fragments and selected for transformation on YPD with 100 ug/ml
hygromycin. The three fragments were as follows:

1) a 4.6 kb DNA fragment encoding the KAH open reading frame linked to the native Y. lipolytica pHYPO promoter
and the xprT terminator and also encoding the HPH hygromycin resistance gene flanked by lox sites, produced by
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PCR and purified following gel electrophoresis. Sequences were assembled in Saccharomyces cerevisiae, and
DNA from this S. cerevisiae strain was used as template for PCR yielding the 4.6 kb DNA fragment (see Figure 14)
used to transform ML15075.

2) a 3.3 kb DNA fragment encoding the tCPS open reading frame linked to the native Y. lipolytica pHSP promoter
and xprT terminator, produced by PCR and purified following gel electrophoresis. Sequences were assembled in
Saccharomyces cerevisiae, and DNA from this S. cerevisiae strain was used as template for PCR yielding the 3.3
kb DNA fragment (Figure 15) used to transform ML15075.

3) a 9.1 kb fragment isolated by gel purification following Pvul/Sapl digestion of plasmid MB6986 (Figure 16). This
construct encodes tHMG linked to the native Y. lipolytica HSP promoter and CWP terminator, the lox-flanked
URA3blaster prototrophic marker, and GGS1 linked to the native Y. lipolytica HYPO promoter and GPD terminator.
ML15075 is auxotrophic due to a mutation in ura2, so this fragment was not selected for.

[0187] One selected hygromycin-resistant transformant was denoted ML15085.

Example 8. Transformation of extra copies of tHMG and GGS

[0188] Strain ML15085 was transformed with a 8.4 kb fragment isolated by gel purification following Pvul/Sapl digestion
of plasmid MB6988 (Figure 10). This construct encodes tHMGopt linked to the native Y. lipolytica pHSP promoter and
cwpT terminator, the lox-flanked URA2blaster prototrophic marker, and GGSopt linked to the native Y. lipolytica pHYPO
promoter and gpdT terminator. Transformants were selected on minimal medium lacking uracil. One selected uracil
prototroph was denoted ML15086.

Example 9. Making strain ML15086 marker-free

[0189] The hygromycin antibiotic marker was removed from strain ML15086 after transformation with MB6128 (Figure
13) which encodes a construct for constitutive overexpression of the CRE recombinase. CRE recombinase deletes the
antibiotics markers by recombination over the Lox66 and Lox71 sites. An inactive Lox72 site is left in the genome
(Guldener et al, 1996, Lambert et al, 2007). Plasmid MB6128 is a CEN plasmid which replicates episomally in Yarrowia
lipolytica and which contains the CRE recombinase coding region under control of the native Yarrowia lipolytica pHHF
promoter and hhfT terminator and a neoR (encoding for G418 resistance) under the control of the native Yarrowia
lipolytica pTEF1 promoter and xprT terminator.

[0190] After selection of MB6128 transformants on YPD + G418 and screening for transformants that lost hygromycin
and nourseothricin resistance by successful Cre-Lox recombination, the sensitive colonies were grown on non-selective
medium to remove the MB6128 CEN plasmid (spontaneous loss of the CEN plasmid). One prototrophic, antibiotic
marker-free variant is denoted ML15087.

Example 10. Disruption of YALIOC08701 in Y. lipolytica ML15087

[0191] To increase the efficiency of targeted transporter disruptions and avoid integration events at other loci in the
genome than targeted for, YALIOC08701 (SEQ ID NO: 26), an important factor in non-homologous end joining, was
disrupted. Disruption constructs were designed based on single cross-over integration using internal homologous frag-
ments to target the disruption construct to the YALIOC08701 ORF. The internal homologous fragments used to assemble
the disruption constructs were PCR amplified from Y. lipolytica genomic DNA using suitable primers which were elongated
with appropriate connector sequences. The total length of the PCR fragments was 600bp. 500bp of these fragments
are homologous to the targeted YALIOC08701 and 50 bp to the vector backbone and KanMX marker cassette. The
KanMX marker cassette was PCR amplified with suitable primers. For both flanks and marker cassette six 50 pl PCR
reactions were perfomed using Phusion polymerase (New England Biolabs) according to suppliers’ instructions. The
PCR products were purified and concentrated using NucleoSpin Gel and PCR Clean-up Kit (Machery Nagel).

[0192] The flanks and marker were assembled in the SnaBl/Pmel digested pRS417 5_3 (Figure 17) shuttle vector
backbone in-vivo by transforming both flanks, the KanMX fragment and the linear pRS417 5_3 shuttle vector to S.
cerevisiae CEN.PK113-7D. After transformation and recovery for 2 hours in YEPhD at 30°C the cells were plated on
YEPhD agar with 200 ng/ml G418 (Invitrogen). The plates were incubated at 30°C for 2 days. Transformants were
cultured in YEPD + 200 pg/ml G418 at 30°C. Plasmid DNA was isolated and purified.

[0193] Correct assembly of the disruption cassettes was established with diagnostic PCR. The expression cassettes
were PCR amplified in six 50 wl PCR reactions. The PCR product was purified and concentrated using NucleoSpin Gel
and PCR Clean-up Kit (Machery Nagel). 1 ng of the PCR amplified disruption cassette was transformed to Y. lipolytica
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strain ML15087. After transformation and recovery for 2 hours in YEPhD at 30°C the cells were plated on YEPhD agar
with 400 pwg/ml G418. The plates were incubated at 30°C for 2 days. Transformants were purified by re-streaking them
on YEPhD agarwith 400 .g/ml G418. One of the transformants was named STV2049. Correctintegration was established
with diagnostic PCR using appropriate oligo’s.

Example 11. Disruption of transporter YALIOE25201 in Y. lipolytica STV2049

[0194] Disruption constructs were designed based on single cross-over integration using internal homologues frag-
ments to target the disruption construct to the YALIOE25201 ORF (SEQ ID NO: 27). The internal homologous fragments
used to assemble the disruption constructs were ordered as synthetic DNA in the form of gBlocks (IDT) with a total
length of 700bp. 600bp of these fragments are homologous to the targeted transporter YALIOE25201 and 50 bp to the
vector backbone (5 and 3 connector sequence, Figure 18) and HygB marker cassette (c and d connector sequence,
Figure 18). The HygB marker cassette was PCR amplified with suitable primers using Phusion polymerase (New England
Biolabs) according to suppliers’ instructions. The PCR product was purified and concentrated using NucleoSpin Gel and
PCR Clean-up Kit (Machery Nagel).

[0195] The flanks and marker were assembled in the SnaBIl/Pmel digested pRS417 5_3 shuttle vector backbone in-
vivo by transforming both flanks, the HygB fragment and the linear pRS417 5_3 shuttle vector to S. cerevisiae CEN-PK-
7D. See Figure 18.

[0196] After transformation and recovery for 2 hours in YEPhD at 30°C the cells were plated on YEPhD agar with 200
rg/ml G418 (Invitrogen). The plates were incubated at 30°C for 2 days. Transformants were cultured in YEPD + 200
prg/ml G418 at 30°C, 550 rpm and 80% humidity. Plasmid DNA was isolated and purified. Correct assembly of the
disruption cassettes was established with diagnostic PCR.

[0197] The expression cassettes were PCR amplified (Figure 19) in six 50 pl PCR reactions. The PCR product was
purified and concentrated using NucleoSpin Gel and PCR Clean-up Kit (Machery Nagel). 1 ng of the PCR amplified
disruption cassette was transformed to Y. lipolytica STV2049. After transformation and recovery for 2 hours in YEPhD
at 30°C the cells were plated on YEPhD agar with 100 ng/ml HygB (Invitrogen). The plates were incubated at 30°C for
2 days. Transformants were purified by re-streaking them on YEPhD agar with 100 p.g/ml HygB. Correct integration, as
illustrated in Figure 20, was established with diagnostic PCR using appropriate oligo’s.

Example 12. Fermentation of Y. lipolytica STV2049 and STV2049 YALIOE25201 disruption transformants

[0198] A pre-culture was inoculated with colony material from YEPh-D agar. The pre-culture was grown in 96-Half
Deep Well Plate containing 200 wl 0.5xYEP with 2% glucose per well. The plates were sealed with a breathable seal
and incubated in an Infors incubator at 30°C, 80% humidity, 750 rpm for 48 hours.

[0199] 40 plof the 96-well pre-culture was used to inoculate a 24-well deep well plate containing 2.5 ml of 0.25x YEP
with 5% glucose per well. Plates were sealed with a breathable seal and incubated in an Infors incubator at 30°C, 80%
humidity, 500 rpm for 120 hours.

[0200] The 24-well plates were spun down in an MTP centrifuge and 1 ml of the supernatant was harvested. The
remaining supernatant was decanted from the pellet.

[0201] The supernatant fraction was diluted 1000 times in 33% Acetonitrile. The pellet was suspended in 2.5ml milli-
Q and 1 ml was transferred to a 96-well DWP. The plate was sealed with an aluminium seal and incubated for 10 minutes
at 90°C. The plate was cooled down to room temperature and 0.5 ml of 100% Acetonitrile was added and homogenized.
The plates were centrifuged at 2088 xg for 10 minutes to pellet cell material and debris. The supernatant of the pellet
fraction was diluted 33 times in 33% acetonitrile resulting in a combined 50 times dilution. Samples were analyzed for
Rebaudioside A and other steviolglycosides using LC/MS.

[0202] We found that the strains that had the YALIOE25201 disruption produced lower titers of Rebaudioside A in the
supernatant compared to the parent strain. The concentration of Rebaudioside A was approximately three fold lower in
the transporter disruption strain compared to the parental strain (see Table 1).

Table 1. Rebaudioside A supernatant concentrations in 24-well fermentations. Six replicate cultures were performed
for parent strain STV2049. Duplicate cultures of three independent STV2049 AYALIOE25201 transformants were
performed. The averages are taken for the data in Table 1.

Strain RebA supernatant (mg/L)
STV2049 441
STV2049 AYALIOE25201 A 155
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[0203] The observation that the concentration of Rebaudioside A in the supernatant is lower for the transporter dis-
ruption strain compared to the reference strain was also seen for Stevioside, Rubusoside, and to a lesser degree for
Rebaudioside D and Steviol-19-monoside (see Tables 2 to 5).

Table 2. Stevioside supernatant concentrations in 24-well fermentations. Six replicate cultures were performed for
parent strain STV2049. Duplicate cultures of three independent STV2049 AYALIOE25201 transformants were
performed. The averages are taken for the data in Table 2.

Strain Stevioside supernatant (mg/L)
STV2049 144
STV2049 AYALIOE25201 A 46.9

Table 3. Rubusoside supernatant concentrations in 24-well fermentations. Six replicate cultures were performed for
parent strain STV2049. Duplicate cultures of three independent STV2049 AYALIOE25201 transformants were
performed. The averages are taken for the data in Table 3.

strain Rubusoside supernatant (mg/L)
STV2049 42.2
STV2049 AYALIOE25201 A 17.2

Table 4. Rebaudioside D supernatant concentrations in 24-well fermentations. Six replicate cultures were performed
for parent strain STV2049. Duplicate cultures of three independent STV2049 AYALIOE25201 transformants were
performed. The averages are taken for the data in Table 4.

Strain RebD supernatant (mg/L)
STV2049 39.7
STV2049 AYALIOE25201 A 32.6

Table 5. Steviol-19-monoside supernatant concentrations in 24-well fermentations. Six replicate cultures were
performed for parent strain STV2049. Duplicate cultures of three independent STV2049 AYALIOE25201 transformants
were performed. The averages are taken for the data in Table 5.

Strain Steviol-19-monoside supernatant (mg/L)
STV2049 35.7
STV2049 AYALIOE25201 A 20.2

[0204] The effect of disrupting the transporter gene was most pronounced on the transport of the aforementioned
steviol glycosides, and not a consequence of a general decreased production of steviol glycosides. This is illustrated
when the concentration of all steviol glycosides are measured in the pellet fraction (Table 6). Here it can be seen that
in the YALIOE25201 disruption strain, the concentration of all steviol glycosides in the pellet fraction is increased in the
transporter disruption strain, indicative of reduced transport.

Table 6. Concentration ofthe sum of all steviol glycosides (Rebaudioside A. Stevioside, Rebaudioside B, Rebaudioside
D, Steviolbioside, Rubusoside, Steviol-19-monoside, Steviol-13-monoside and Rebaudioside M) in the pellet fraction
in 24-well fermentations. Six replicate cultures were performed for parent strain STV2049. Duplicate cultures of three
independent STV2049 AYALIOE25201 transformants were performed. The averages are taken for the data in Table 6.

strain Sum steviol glycosides pellet (uM)
STV2049 34
STV2049 AYALIOE25201 A 67
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Example 13. Over-expression of the YALIOE25201 transporter in steviol glycosides producing Y. lipolytica strains

[0205] Tofurtherdemonstrate the functionality of the YALIOE25201 transporter, the YALIOE25201 ORF was assembled
in an expression cassette with the Y. lipolytica YP006 promoter and Y. lipolytica TEF4 terminator. The cassettes were
assembled in the pRS417 5_3 vector together with the Nourseothricin marker. As a negative control the same cassette
only containing the Nourseothricin marker was constructed. The expression cassettes were PCR amplified and the
obtained fragments were transformed to three different strains: strains STV2049 is a strain producing mostly RebA, and
is described above. Also, the transporter deletion strain is included (STV2049 AYALIOE25201 (described above)). The
third strain is STV2170, a strain producing mostly RebM. STV2170 was build similarly to strain STV2049, and the
genotype is listed below in Table 7.

Table 7. Genotype of strain STV2170. Between brackets indicates the gene copy number present in the strain

Strain name genotype

STV2170 tHMG (2; SEQ ID NO: 15) GGS (2; SEQ ID NO: 16) CarG (1; SEQ ID NO: 32) CPS (2
SEQ ID NO: 20) KS (2; SEQ ID NO: 21) KO_Gib (2; SEQ ID NO: 23), KAH4 (4; SEQ
ID NO: 22) CPR3 (2; SEQ ID NO: 24) UGT1 (5; SEQ ID NO: 17) UGT2_6b (2; SEQID
NO:33) UGT3 (2; SEQID NO: 18) UGT4 (4; SEQ ID NO: 19) RT18 (1; SEQ ID NO:34)

[0206] Six transformants were selected for each combination of strain and expression cassette. The transformants
were grown in 24-well fermentation and the supernatant- and pellet fractions were analyzed by LC-MS as described in
Example 12.

Table 8. RebA supernatant and pellet concentrations in 24-well fermentations in the control strain (STV2049 with
NatMX marker) and YALIOE25201 transporter over-expression strain (STV2049 with transporter and NatMX marker)

Strain RebA supernatant (mg/L) RebA pellet (mg/L)
STV2049 control 392 15
YALIOE25201 O.E. 461 15

[0207] These data illustrate that over-expression of the YALIOE25201 transporter has a positive effect on extracellular
RebA production.

Table 9. RebM supernatant and pellet concentrations in 24-well fermentations in the control strain (STV2049 with
NatMX marker) and YALIOE25201 transporter over-expression strain (STV2049 with transporter and NatMX marker)

Strain RebM supernatant (mg/L) RebM pellet (mg/L)
STV2049 control 59 10
YALIOE25201 O.E. 43 4

[0208] RebM production in this strain is low compared to RebA production, but even so, the effect of the transporter
over-expression can be seen in the concentrations of RebM. As RebA is more efficiently exported to outside the cell in
the YALIOE25201 over-expression strain, less RebA will be available for further glycosylation inside the cell, and hence
resulting in lower production of RebM, particularly in the pellet fraction.

Table 10. RebA supernatant and pellet concentrations in 24-well fermentations in the transporter deletion strain
(STV2049 AYALIOE25201 with NatMX marker) and the same background with the YALIOE25201 transporter over-
expressed (STV2049 AYALIOE25201 with transporter and NatMX marker.)

Strain RebA supernatant (mg/L) RebA pellet (mg/L)
STV2049 AYALIOE25201 control 114 23
STV2049 AYALIOE25201 YALIOE25201 431 17

O.E.

[0209] Upon over-expression of the YALIOE25201 transporter in the YALIOE25201 deletion strain, the extracellular
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production of RebA is greatly enhanced, and restored to similar levels as the reference strain without the transporter
deletion.

Table 11. RebM supernatant and pellet concentrations in 24-well fermentations in the transporter deletion strain
(STV2049 AYALIOE25201 with NatMX marker) and the same background with the YALIOE25201 transporter over-
expressed (STV2049 AYALIOE25201 YALIOE25201 O.E.)

Strain RebM supernatant (mg/L) RebM pellet (mg/L)
STV2049 AYALIOE25201 control 6 45
STV2049 AYALIOE25201 YALIOE25201 22 1

O.E.

[0210] Inthe transporter deletion strain, steviol glycosides including RebA accumulate in the cell, allowing for continued
glycosylation inside the cell. As a consequence, RebM concentrations may increase. In the transporter deletion strain,
the concentration RebM in the pellet fraction is much higher than in the supernatant. Upon restoring transport this is
reversed: less accumulation of intracellular RebM, and more export of RebM.

Table 12. RebA supernatant and pellet concentrations in 24-well fermentations in the RebM production control strain
(STV2170 with NatMX marker) and YALIOE25201 transporter over-expression strain (STV2170 with transporter and

NatMX marker)
Strain RebA supernatant (mg/L) RebA pellet (mg/L)
STV2170 control 107 22
STV2170 YALIOE25201 O.E. 283 8

[0211] Over-expression of the YALIOE25201 transporter results in greatly increased extracellular production of RebA,
and greatly reduced accumulation of RebA in the pellet.

Table 13. RebM supernatant and pellet concentrations in 24-well fermentations in the RebM production control strain
(STV2170 with NatMX marker) and YALIOE25201 transporter over-expression strain (STV2170 with transporter and

NatMX marker)
Strain RebM supernatant (mg/L) RebM pellet (mg/L)
STV2170 control 631 132
STV2170 YALIOE25201 O.E. 660 61

[0212] Over-expression of the YALIOE25201 transporter results in increased extracellular production of RebM, and
reduced accumulation of RebM in the pellet.

[0213] Together these data illustrate that over-expression of the YALIOE25201 transporter has a positive effect on
extracellular RebA and RebM production. Not only is the distribution of RebA and RebM production in the supernatant
fraction versus the pellet fraction favourable when the transporter is over-expressed, over-expression of the YALIOE25201
transporter also has a positive effect on the total amount of RebA and RebM production.

Table 14 Description of the sequence listing

SEQID NO Description SEQID NO Description

SEQID NO: 1| UGT2_1a CpO for Y. lipolytica SEQ ID NO: UGT3 CpO for Y. lipolytica
18

SEQ ID NO: 2| PGM promoter from Y. lipolytica| SEQ ID NO: UGT4 CpO for Y. lipolytica
19

SEQ ID NO: 3| HSP promoter from Y. lipolytica | SEQ ID NO: tCPS from S. rebaudiana CpO for Y. lipolytica
20

SEQ ID NO: 4| HYPO promoterfrom Y. lipolytica| SEQ ID NO: tKS from S. rebaudiana CpO for Y. lipolitica
21

24
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EP 3 334 752 B1

(continued)
SEQID NO Description SEQID NO Description
SEQ ID NO: 5| ENO promoter from Y. lipolytica | SEQ ID NO: KAH_4 CpO for Y. lipolitica
22
SEQID NO: 6| CWP promoter from Y. lipolytica | SEQ ID NO: KO from Gibberella fujikori CpO for Y.
23 lipolytica
SEQ ID NO: 7| TPI promoter from Y. lipolytica SEQ ID NO: CPR_3 CpO for Y. lipolytica
24
SEQ ID NO: 8| YPO0O01 promoter from Y. SEQ ID NO: UGT2_10b CpO for Y. lipolytica
lipolytica 25
SEQ ID NO: 9| Xpr terminator from Y. lipolytica | SEQ ID NO: YALIOC08701 WT CDS
26
SEQ ID NO: Cwp terminator from Y. lipolytica| SEQ ID NO: YALIOE25201 WT CDS
10 27
SEQ ID NO: Gpd terminator from Y. lipolytica| SEQ ID NO: YALIOE25201 CpO for Y. lipolytica
11 28
SEQ ID NO: Pgm terminator from Y. lipolytica| SEQ ID NO: YALIOE25201 WT from Y. lipolytica
12 29
SEQ ID NO: Pgk terminator from Y. lipolytica | SEQ ID NO: YPO0O06 promoter from Y. lipolytica
13 30
SEQ ID NO: act1T terminator from Y. SEQ ID NO: Tef4 terminator from Y. lipolytica
14 lipolytica 31
SEQ ID NO: tHMG CpO for Y. lipolitica SEQ ID NO: CarG codon optimized for Y. lipolytica
15 32
SEQ ID NO: GGS CpO for Y. lipolytica SEQ ID NO: UGT2_6b CpO for Y. lipolytica
16 33
SEQ ID NO: UGT1 CpO for Y. lipolytica SEQ ID NO: RT18 CpO for Y. lipolytica
17 34

SEQUENCE LISTING
[0214]
<110> DSM IP Assets B.V.
<120> STEVIOL GLYCOSIDE TRANSPORT
<130> 31189-WO-PCT

<150> 62/204702
<151> 2015-08-13

<160> 34

<170> Patentln version 3.5
<210> 1

<211> 1422

<212> DNA
<213> Atrtificial sequence

25
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<220>

EP 3 334 752 B1

<223> UGT2_1a CpO for Y. lipolitica

<400> 1

atggccacct
tggctecgect
ggccacaagg
tctcctctcea
gccgaggeca
ggtctgcage
gactacaccc
ttctecegtea
aacggttccg
ttccccacca
cccggtatcet
tccaagtgcet
gtcceegttg
acttgggttt
gctctegget
gagctctccg
gactccgteg
acctcttggg

cactgtggtt

cccatctteg
gagatcccce
cgatctgttg
aagatctaca

gagaagaacg

<210> 2
<211> 803
<212> DNA

ccgactccat
ttggccacat
tttctttcct
tcaacgttgt
ccactgatgt
ccgaggtcac
actactggct
ccaccccecectg
acggccgaac
aggtctgctg
ccgacggtta
accacgagtt
tceceegtegg
ccatcaagaa
ccgaggttct
gtctgecectt
agctccccga
ctcecccaget

ccggctccat

gtgaccagcce
gaaacgaaga
ttgtcgagaa
acgacaccaa

cccgagetgt

<213> Yarrowia lipolytica

<400> 2

tgtcgacgac
tctgecectac
gtccaccacc
ccagctcacc
ccaccccgag
ccgatteccte
cccctecatt
ggccattgct
caccgtcgag
gcgaaagcac
ccgaatgggt
tggtacccag
tctgectecect
gtggctcgac
tgtctcccag
cgtectgggece
cggtttegtce
ccgaatcctce

tgtcgaggge

cctcaacgcece
ggacggctge
agagggtgag
ggtcgagaag

cgccattgac

cgaaagcagc
ctccagetct
cgaaacatcc
ctcecececgag
gacatcccct
gagcagcact
gctgettcte
tacatgggcce
gatctcacca
gatctcgece
ctggttctca
tggctcccece
cccgagatcce
ggcaagcaga
actgaggtcg
taccgaaagc
gagcgaactc
tcccacgagt

ctcatgttcg

cgactcctceg
ctcaccaagg
atctacaagg
gagtacgttt

cacgagagtt

26

tgcacgttge
ccaagctcat
agcgactctc
tccaggagct
acctcaagaa
ctceccgactg
tcggtatcte
cctectgetga
ccccteccaa
gactcgtcce
agggctccga
tgctcgagac
ccggtgacga
agggctccgt
tcgagectcge
ccaagggtcc
gagatcgagg
ccgtctgegg

gccacccecct

aggacaagca
agtctgttgce
ccaacgcccg
cccagtttgt

aa

caccttccce
tgctgagaag
ctceccacatce
ccccgaggat
ggcctccgac
gatcatctac
tcgagcccac
cgccatgatce
gtggttccce
ctacaaggcce
ctgtctgcectce
tctgcaccag
gaaggacgag
cgtctacgtt
ccteggtcetg
cgccaagtcce
tctggtctgg
tttcctgace

catcatgctg

ggtcggtatc
ccgatctctg
agagctctcc

cgactacctc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1422
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taccaaccac
gttgagagtg
aaatcaaggc
caagtccgtg
gccctaacct
tcacgtcata
gggcgattgg
aggtgcgagce
cagttataca
ttggactgga
gaattggcga
tccccatace
aaggttcctt

acatcaccaa

<210> 3
<211> 995
<212> DNA

agattacgac
gtttgttttt
gtgaaccact
acaaagggga
tgccccaaaa
atagcgtttg
tgctcatatg
gacacaattg
gcaaccacga
gagggtaggg
tatttgtgag
catatcttce
ctcctagttt

aacacataca

<213> Yarrowia lipolytica

<400> 3

ctgtacctge
tgactctctce
gacgtccaaa
ggtggcgagg
gggcacaatc

atttcacatt

tgtggaccac
tcggeegege
ccgtccaaag
aaccggacac
tgacggtgcg

cgccectcaat

EP 3 334 752 B1

ccattcgcag
aaccttctce
gtttgaggac
agatacaatg
taagacaact
gatagcacta
ggttcaattg
ggtgtcacgt
ggtgcatgag
caaaagcgct
gttgacggct
ctcececcaccet
ccacgtccat

aaa

gcacggcgga
acgeceggtgyg
tggcagggtyg
ggcgagccgg
gctgccacca

ggccactttg

tcacagttca
atgtgctcac
aaatgtgaca
caattactga
gtcctegttt
gtctatgagg
aggtggtgga
ggcctaattg
taggagacgt
caacgggctg
ccgatttgeg
ctttccacga

atatatctat

acgtaccgta
caaattgctc
acgtgatgcg
cgggaaaaaa

acccaaggag

cggtggtgaa

27

ctagggtttg
tcaggttttg
caaccaacca
cagttacgga
aagcgcaacc
agcgttttat
acgagcttag
acctcggatc
caccagacaa
tttggggage
tgttttgteg
taattttacg

gctgegtcegt

caaatatttt
ttgcattgge
acgcacgaag
ggcggaaaac
gctattttgg

catggtttct

ggttgcatcc
ggttcagatc
gtgtcagggg
ctgcctcgat
ctattcagcg
gttgcggtga
tcttcaattg
gtggagtccce
tagggttttt
tatgggggag
cttectgecatce
gatcagcaat

ccttttegtg

cttgctcaca
tctgtectcta
gagatggccce
gaaaagcgaa
gtcgetttee

gaaacaaccc

60

120

180

240

300

360

420

480

540

600

660

720

780

803

60

120

180

240

300

360
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cccagaatta
agggtagcga
accgtctcag
ccaaccaaca
tctgggtgtg
gagatggtag
tttgggctgg
tcaacagcaa
gttccagatg
caatcgtggg

aacacacaca

<210> 4
<211> 1004
<212> DNA

gagtatattg
cgtggaggac
tcgtccgaat
tccccaacct
ggacagcaga
ccatctcact
agttgagggg
ccaacgcccce
cgagttggeg
cggagacccce

cttatactac

<213> Yarrowia lipolytica

<400> 4

EP 3 334 752 B1

atgtgtttaa
attccagggce
tgatcgctat
cccccacact
gcaatacgga
cgacccgtceg
accgtgttcce
cgctaatgceca
aaccctaagce
ggtgtatata

atgctagcca

gattgggttg
gaattgagcc
aactatcacc
aaagttcacg
ggggagatta
acttttggca
agcgctgtag
cccagtactg
cgacagtgta
aaggggtgga

caaaa

28

ctatttggcce
tagaaagtgg
tctctcacat
ccaataatgt
cacaacgagc
acgctcaatt
gaccagcaac
cgcaggtgtg
ctttttggga

gaggacggat

attgtggggg

taccattcca
gtctacttce
aggcactctt
cacaattggg
acccaccaaa
acacacggta
ggccaggtge
cgggcagtag

tattagcacc

420

480

540

600

660

720

780

840

900

960

995
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gtcagaaggg
agggtgtgtc
tcacgtgcce
ggtggctget
cgtaaccagce
agtcgctcga
gttgacagga
catgcaattg
ggagatggat
atgggctttg
ggccacggta
tgcattgggg

aaaagggcgg

cgtttectgee
cagtacacat
ggcatggtgt
ttctctecat
<210> 5

<211> 1422
<212> DNA

gcagctctaa
gcgtgtgett
tgatttggtg
gtctacgegg
agtagcaatc
cgaatgggct
gcccagacgce
cggccgtgte
cattgctagt
gtgggccaat
caaagtgggt
atagcacagg
tgaaaagtgg
attttgctcc
gcttgcatac
gaaaccccte

ctcaaaacta

<213> Yarrowia lipolytica

<400> 5

EP 3 334 752 B1

acgaagaact
catccaaact
tcgtececcecg
ggccttctet
catttcgaaa
gcggttggga
cttttccaac
aggttggaga
gcatctacge
caattacgca
ggtcttcacc
gttggggtgt
tagaatcgaa
cctecttett
aatgaagcta
aaagtatata

ctttctcaca

gcggtcaggt
ttagttgggg
tcgecgetgeg
gceccttetgt
ctcaaagagc
agcccacgag
ggcaactttt
cactggacca
gcagcaatcc
acccgcacgt
cagtggttgt
cttgtggact
atccctgacg
tcgcaatcge
atccggettg
taggagcggt

tgctagccac

29

gacacaactt
ttcgggtteg
cacgtgattt
ttcaaccttce
taaaaacgtt
gcctatagece
atataaaatg
cactctccat
cgcaagctcg
taaattgtat
tggtggcgtc
caatgggtga
tcaatttata
ctccccaaaa
ctcagtagtt
gagccccagt

aaaa

tttccatcte
cgcgagatga
atttatttcce
gggcggttet
aaacctcagc
agagcctcga
gcaatgtatt
tgcttecctga
acaaccgtag
gaggaaggaa
atgcagacca
aaggagatgg
aagtaaaatg
gttgtcgtgg
gctatatcca

ctggggtcett

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1004
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atttcttgtg
atcacacttt
catctacctc
ttcceetgta
gttttectegg
tgacagatta
ccgggcggac
accatggtgce
ccaagcaaac
gtgtggaact
cgaggtaaga
tttgtggatc
agtccagtgce
ctacacttag
gcgtggagca
ctcggteccceca
accgggagag
ctttcacttg
gaagtcgtgt
agatttgtgc
accgcaacat
ttaactttceg
atagcgcaat

acaagtatct

<210> 6
<211> 865
<212> DNA

tgtgcggcaa
gctcagacag
ggcccttgtt
tgttgagatc
gcaagttttt
cttgggttat
tgttggttct
gtggaggctt
atgagtatgt
atgggatgag
cacattcggt
agattaatgg
aacccagaca
ctacagaata
cagggtttag
tcggtaatca
gggatggaag
ccagaactct
tggagactgt
cattgagggg
gcttttcatt
aatgacgaaa
tgggtttgca

cagtataccc

<213> Yarrowia lipolytica

<400> 6

EP 3 334 752 B1

acgtagcaat
gttagattca
tcttgaagag
gtgtatattg
ttctccacaa
ctgcgggata
gtacgtacat
tggcatcctt
gcttgtatgt
tgctcattcg
ggttcaggceg
tatggatatg
gctgagctct
aagctcggta
gaggttttaa
cgtgtgtgcece
tccececgaaca
aagcgtcacc
tgatttgggce
gaggttattg
gcagtcctte
gcacccceccct
tcatgtataa

gtctaaccac

tgcaactgca
cctggtacga
tggtcaatat
gtcataatct
agtaccgctg
tgtcttggat
acagcacttt
tctacttgta
actgaaaccc
atactatgtt
gctacttgta
cacggggegt
ctatagccgt
gcgccaacag
tgggcgagaa
gatttgcaag
gcaaccagcc
acggtataca
ggtggagggg
tggccatgca
aactatccat
ttgtacagat
aaggagcaat

acatttatca

30

taaacgatga
gggcagtgtce
gtgttttata
gggctcttta
gaaaactcta
aggcaaccgg
gagctcatgt
gtggctatag
gtctacggta
gtcacccgat
tgtagcatcce
ttceceeggta
gcgtgtgegg
cgttgacaaa
ggcgcgtaga
acgaaaagcc
cttgcecteg
agcgcacgta
ggtatttgag
gtcggatttg
ctcacctcce
gactatttgg
ccecccactag

ccC

ttgtaaaagt
ttaaaggttc
cagctgaaat
gtcgatccca
tgtgacttgt
gcatatatca
ctcacacgca
tacttgcagt
atattttaga
ttgcegtttg
acgttcatgt
acgtgtaggc
tcatatcacg
tagctcaagg
tgtagtcttce
acgagaataa
tggacataac
gaagattgtg
agcaagtttg
ccgtcacggg
ccaatggcectt
gaccaatcca

ttataaagtc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1422
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atgctcactt
cgcccgcaaa
gaatgcgaaa
accacaaaag
cccecatctee
caaccatcac
agattttaac
aagacaggat
ggttatgttg
tgcceccectgat
gccagtcgeg
ttatttccaa
acattccagg
ctgcggecett

ttcaccacta

<210>7
<211> 880
<212> DNA

ttgttgtcct
tcecectetge
gatggcaata
agacctggag
ccctgggeat
atactttaga
tcgcacaaca
cagcaaccgt
gtaggtctag
acagctagtt
tgaactcaaa
cacaaagaag
actctgttca
ataaatacct

agtcactcgt

<213> Yarrowia lipolytica

<400> 7

EP 3 334 752 B1

gatgatctcc
ccatcttgac
ttggtggagg
acccaaaatg
cagttgccca
cgccaaacaa
ttaccccaac
gatcgacaga
acgggcctcg
tagcacatct
cacccactag
cggttggegyg
aggtcaaata
gggcgcactt

tcaaa

cgttatttceg
aatgcacaat
aggcgacggce
gactcacgac
tcggtatcte
tgggacaact
tctaaaaggt
atcttcaggg
gggaattgac
gcccactacg
cctcgggaag
acaaagaaca
tacaaaacac

ctctettttt

31

ccgctectcet
gcatcattct
ggtaaacaat
aactccccca
aactgtcgceca
catcgegeceg
aacctcgacc
cactacagtt
cccaccagtt
tctggacgeca
gattcagtta
tgtcctttet
agatagagaa

ccctecteat

ggaaaccatc
cagcctgcat
ggagatagag
ctcececcact
ctagttageg
aactatgggc
ggaaaacggg
gatagacata
gcaagtcacg
ccatggtggt
aatccgcacc
ggggcactgt
acatagacag

cacacattcg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

865
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aaacaaaaga
attaccccceg
actatttett
agatatgaca
acattcatct
gatatctacg
cttactaaac
acaacacacc
agcttgcaac
tataggcaga
ctccatcagg
gttagggcat

tgtattcatc

tagggtaacc

tcteecttegt

<210> 8
<211> 1000
<212> DNA

gctgaaatca
tccaagtaag
tacaggtgac
aaattgcact
gcattcatac
caccccccaa
cacctactgt
caatgacctc
gcegttgtet
tcaggccatg
gctagggtgg
ccgataatat

tcecteegett

ttattcggga

actcgtacat

<213> Yarrowia lipolytica

<400> 8

EP 3 334 752 B1

tatccttcag
ttgattggga
tcagaaagtg
attcgatgca
aaaaaagtct
ccececectget
acagcgaaac
accacaaatt
taggttccat
gcactaagtg
ggttagaaat
cgecctggact

cccaacactt

cactttegtce

acaacacaac

tagtagtata
tttttgttta
catgttggaa
gaattcgacg
tggtagtggt
acagtaaaga
ccctcagcaa
ctatacgcct
ttttagtgct
tagagctaga
acagtccgtg
cggcgccata

ccacccgttt

atacatagtc

tacattcaaa

32

gtcctgttat
cagatacagt
atgagccaca
gtgtttccat
acttttgcgt
gtgtgagtct
aatcacacaa
tttgacgcca
ctattacctc
ggttgatatc
cgcactcaaa
ttctcgactt

ctccatcecca

agatatacaa

cacagcatca
aatatacttg
gaccaagaca
tggtgttatg
tattacctcc
actgtacatg
tcagctcatt
ttattacagt
acttaacccg
gccacgagtg
aggcgteegg
ctgggegegt

accaatagaa

gcaatgtcac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

880
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caattcatgt
tatctcaagt
cactcttacc
accacttgct
gatagggcaa
ctctgeggtt
gcccagcecca
atgtacagta
cgcggaaaac
cgccatttca
tgtttctaca
ttagtggagt
aatagcagca
caaccattgc
ctcccacgea
gctgecccacg

ccaaccacaa

<210>9
<211> 127
<212> DNA

atcgtgtcaa
ggttgcatcg
cggctccacce
ctgaatgtgce
aagacgagcg
tcagcgactce
tctcttctaa
tcgtagctac
ggcggggtceg
acaccaaata
ctatacactg
caccagtgta
ttataccgcet
tcecteegget
aacaaagaga
ctcgattata

cccacaccaa

<213> Yarrowia lipolytica

<400> 9

EP 3 334 752 B1

ttcatgtatc
caaacagcca
ttctagaage
gttggagctg
ccaatcgcaa
caaccgtcgce
aagattccag
tceggettgg
gaccgatcac
ctcececggtceca
ccacgcecgte
caggactatg
ggacgagatc
acacctgctc
gcaaccttaa
taaagaccag

gcacacaaag

gtgtcaattc
tcgcatactce
caccaccgat
caccatgatt
caatgggcga
caaaagaccg
aaagataggg
ctgatctgag
gtgacacgta
cgtgccaccce
atacctgcag
gcggaaaccg
accgtcaata
aaaggacttg
gtggacagct
cggatccect

cacaagaaca

atgtatcgtg
cactctactc
ccaccgacga
gatgacgtca
gtgtcgacga
tcattttcegt
ttcaccaact
agatagagat
ctcatcegte
cgececgetcet
ctaggttaac
ggttacacaa
aattgecgtcg
ttccacactc
catgagcact

tctatttgga

tcaatactta
tcactgagtt
tgatcagtcc
ccgccattca
ctceceecget
ctaaagcgca
acgcaccaat
ggctccgaaa
gcgccccgag
acccacgaga
attcgattaa
accggccegg
ttactcggga
ttcececcaget
ccecetegttt

cttgcatcaa

aattaacaga tagtttgccg gtgataattc tcttaacctc ccacactcecct ttgacataac

gatttatgta acgaaactga aatttgacca gatattgttg taaatagaaa atctggcttg

taggtgg

<210> 10
<211> 200
<212> DNA

<213> Yarrowia lipolytica

<400> 10

33

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1000

60

120

127
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gttttttgat caatgatcca
agagaaatat aatctaactt
tatagccatt gtaacaaaag

ccagtggcca aacgatatcg

<210> 11

<211> 200

<212> DNA

<213> Yarrowia lipolytica

<400> 11

ctatccgaag atcaagagcg
agtgatttat aacacctctc
attatagtca acgacgtttg

attaatagta attactgtat

<210> 12

<211> 200

<212> DNA

<213> Yarrowia lipolytica

<400> 12

acttcgagct aatccagtag
tctgtceccag gtcgecaattt
gtagctattg tgattgtgtg
atcctgatga ggacccctgg

<210> 13

<211> 200

<212> DNA

<213> Yarrowia lipolytica

<400> 13

gctatttaca gcatgtgtaa
agaaaatttc agtgaagttg
acatccctgce atgttacaag

cgatatttta gcaagctata

<210> 14

<211> 300

<212> DNA

<213> Yarrowia lipolytica

EP 3 334 752 B1

atggctttca cataccccce cacgcecctata attaaaacac
aataaatatt acggagaatc tttcgagtgt tcagcagaaa

ccggctatcg accgcetttat cgaagaatat ttccegeccce

aagcaagttg taagtccagg acatgtttcc cgcccacgeg
ttttttgaca cccgectegee ttgaaattca tgtcacataa

aataacttgt cttgtagttc gatgatgatc atatgattac

cttacgttac ccaggggcag gtcaactggc tagccacgag
agtgtaataa acaatatata tattgagtct aaagggaatt

attttcgtcet tgectggttet tattgtgtce cattegttte

tgaggaatat aacgttgatt gaattgtttg tgaaaaatgt
tgttttctat atagtaagca cttttggtac aagtatctgce

cctgatcatg cagggcaata ttctgactat aaatatacct

34

60

120

180

200

60

120

180

200

60
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200
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<400> 14

atgtggtgat tgctgttgtg

cgattgtatg aatcgaagtc
gctgtgtact ccattcattg
cgtataagta actgttttgt

tatcctggaa gtcagctgtg

<210> 15

<211> 1503

<212> DNA

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

caagcctttg ctegttttet

aaggtgagtg tagtttgaga
aagggtgtag tcgtgtttta
aacacttcat gaacggagat

cccagaggtg tgtgtgggtg

<223> tHMG CpO for Yarrowia lipolitica

<400> 15

35

gctgtatgta

agtgtaaccc
ttgcatgagce
ggtatgaaca

tggcatactt

atttaaagaa

cagtgtcata
gcctattact
gaagtaataa

tgggacaaca

60
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240
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atgacccagt
gagaaggagg
aagcccgtga
accaagctcc
tatgctcttg
atctcccage
gactacgacc
gttggtgttg
actgagggtt
ggtgttacca
tctctcaage
atgcgaaagg
cttgctggta
aacatgatct
cctgatatgg
atcaactgga
attgtcaagt
aatctgatcg
ctggtgaccg
aactgcatca
tctatcgagg

gagatgcttg

gctcgecatca
gccggcecate
aagcagtctc

tag

<210> 16
<211> 984
<212> DNA

ctgtgaaggt
aggacacctc
ccgagacccg
tggaggacca
agaagcagct
agtctaatac
gtgtttttgg
ctggccccat
gtcttgttge
ctgtgcttac
gggctggage
ccttcaactce
acctgctgtt
ccaagggcgt
acattgtgtc
tcgaaggecg
ctgttctcaa
gtagtgccat
ccatctacct
cgctgatgag
tcggtaccat

gcgtgcegagyg

ttgcttctgg
ttgtgcaaag

aggccgatct

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

ggttgagaag
ttctgaagac
ttctctggac
cgaggttgtc
tggtgacaac
caagactctt
agcctgttge
gaacattgat
ctcaaccatg
tcaggacggt
cgctaagatc
cacctctcga
tattcgattc
cgaacactct
tgtctecgggt
aggcaagagt
aagtgaggtt
ggctggctct
tgccactgge
caacgtcgac
tggtggaggt

tcctcacatce

agttcttgceca
tcatatgacc

gcagcgtctce

<223> GGS CpO for Yarrowia lipolitica

cacgttccta
tccattgage
gacttggagg
aagctctctc
acccgagcetg
gagacctcaa
gagaacgtta
ggcaagaact
cgaggttgca
atgacacgag
tggcttgatt
tttgctegte
cgaaccacca
ctggccegtca
aactactgca
gttgttgeceg
gacgctcttg
gtgggaggtt
caggatcctg
ggtaacctgce
actattttgg

gagacccceg

gcggagettt
cacaaccgtt

caaaacggtt

36

tcgtcattga
tgactgtcgg
ctatcatgaa
tcgaaggcaa
ttggcatccg
agctccctta
ttggttacat
accacattcc
aggccatcaa
gtcecttgtgt
ccgaggaggg
tccagtctcet
ctggtgatgce
tggtcaagga
ctgacaagaa
aagccaccat
ttgagctcaa
tcaatgcaca
ctcagaatgt
tcatctcegt
agccccaggg

gtgccaacge

cgctgtgtte
cccaggctcce

cgaatatctg

gaagcccagce
aaagcagccc
ggcaggtaag
gctccecetttg
acgatctatc
cctgcactac
gcctctecee
tatggccacc
cgecggtgge
ttccttececee
tctcaagtce
tcactctacc
catgggcatg
gtacggcttc
gccecgecageg
ccectgetcecac
catcagcaag
cgccgcaaac
cgagtcttcc
ttccatgcect
tgctatgcetg

ccaacagctt

tgctcttget
tactcecggece

cattcggtca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1503



10

15

20

25

30

35

40

45

50

55

<400> 16

atggattata
ctgggaccgt
gcagcgttceg
accaagattt
cgacgaggcc
aactacatgt
tccattttca
agagaaacac
ggaggactgt
catgaaaaga
attctggatg
gaagatatca
gataaccacg
tacgecegtgg
caggccatgt
gtctccaagt

aagtactttg

<210> 17
<211> 1446
<212> DNA

acagcgcgga
acaactacct
gagcggttat
tgcataactc
tgccggcage
actttgtggce
ccgaggaaat
tcacttgcce
ttcggetgge
tcaactttga
attacctcaa
gcgaaggaaa
agattctcaa
actacatgag
cactcaaggc
tgcgagccat

aggatgcgca

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

tttcaaggag
cgccaacaac
caaggtggac
gtcgetgett
ccattgtctg
tctgcaggag
gatcaacttg
ctcggaagac
tctgagactt
tctcacacac
cctgcagtcce
gttttegttt
cattctcaaa
aacagaaacc
aagttcgtac

tttgcattat

gtga

<223> UGT1 CpO for Yarrowia lipolitica

<400> 17

atctggggca
cggggccaca
aagagcgatc
gttgatgacg
tttggagtce
gtgctcaage
catagaggtc
gagtatctgg
atgctgtcgg
cttaccgaca
acggaattga
ccgctgattce
cagcgaacaa
aagagtttcg
attgatgatc

tttgtgtcca

aggccgccga
acatcagaga
tcgaaaccat
tggaagacaa
cccaaaccat
tcaagtctta
agggtatgga
agatggtggt
tggcatcgaa
cactgggagt
ccgagaacaa
acagcatccg
gcgacgcectte
actactgcct
tcgcagcage

cctctgactg

caccgegetg
acacttgatc
ttcgecacatce
ctcgatgcectce
caactccgece
tgatgccgtce
tctctactgg
gcacaagacc
acaggaggac
catttaccag
gggattctge
gaccaacccg
actcaaaaag
caagagaatc
cggccacgat

tgaggagaga

atggacgcca tggccaccac cgagaagaag ccccacgtca tcttcatcce cttceceeccgece

37

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

984

60



10

15

20

25

30

35

40

45

50

55

cagtcccaca
atcacctttg
tgtctggacg
cccgaggect
gaccgattca
ggtttcctgt
tactggactc
aagggctttg
attgactggg
accgacctca
gtttcccace
tctctgegat
cccgaggaga
gagcccgagt
tttggctcca
aactccaacc
gttctgecte
tcccaggaga
ggctccacca
gaccagctca
accaaggtca
cacaagatgc
aacggctcett
aactaa

<210> 18

<211> 1383
<212> DNA

tcaaggccat
tcaacaccga
gtgctcecegg
ccatccccat
ttgatctcgt
ccgttttcac
tggctgcectg
ctcctctcaa
tcceceggtat
acgacaaggt
acatcttcca
acaaccacat
agaagcagac
gcttccagtg
ccaccgtcat
actacttcct
ccgagctcga
aggttctcaa
ttgagtctct
ccaactgccg
agcgagatga
gaaacaaggc

cttectetecaa

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

gctcaagctce
cttcatccac
tttcecgattt
ccgagagtct
caccaagctc
cattgatgct
tggtttcatg
ggacgcctce
ggagggtatc
tctcatgtte
caccttcgac
ctacaccatt
cggtatcacc
gctccagtce
gtctctcgag
gtggatcatc
ggagcacatc
gcacccctee
gtcecgetggt
atacatctgce
ggtcaagcga
caaggactgg

cattgacaag

<223> UGT3 CpO for Yarrowia lipolitica

<400> 18

gcccagcetcee
aaccagttcc
gagactatcc
ctgctccgat
ccecgatecte
gccaagaagc
ggtttctacc
tacctcacca
cgactcaagg
accaccgagg
gagctcgage
ggccccctee
tctctgcacg
aaggagccca
gacatgaccg
cgatccaacc
aagaagcgag
gtcggtggtt
gtcceccatga
aaggagtggyg
ctecgteccagg
aaggagaagg

atggtcaagg

38

tccaccacaa
tcgagtcecte
ccgatggtgt
ccattgagac
ccacctgtat
tcggtatcce
acatccactc
acggttacct
acttccecect
ctcecececageg
cctccatcat
agctcctect
gctactctct
actccgttgt
agtttggctg
tcgtcattgg
gcttcattge
tcctgaccca
tctgectggee
aggttggtct
agctcatggg
cccgaattge

agatcactgt

gggcctccag
cggcccccac
ctceccactcece
taacttcctce
catctcecgac
cgtcatgatg
tctgatcgag
cgacaccgtce
cgactggtcc
atcccacaag
caagactctg
cgaccagatc
cgtcaaggaa
ctacgtcaac
gggtctggee
cgagaacgcc
ctecttggtge
ctgeggetgg
ctactcectgg
ggagatgggt
cgagggtggt
cattgcecccece

tctcgetega
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atggccgagce

cagggccaca

accactctgg
accacctcca
gctggtgagt
atcaagaagc
gagtgggttc
gcetgtgteg
ggcgagactg
ctccagaacc
aacattgacc
attgagtgga
tacctcgaca
caccacgagt
tttggectcte
gactccgatg
aacctgtccg
gacgttctcg
ctcgaggcta
accaacgcca
aacggtattg
cgaggtgtca
cacgagggtyg

taa

<210> 19
<211> 1377
<212> DNA

agcagaagat

tcaaccccett

tcaccaccat
tcgagatcca
cttacctcga
tccagtcecga
tcgatgtcege
tcaactctct
tctecegtcece
acgagcagat
aggcccgatg
cccgaaagat
agcgactcga
gcatgaactg
tggtcaagca
tcaacttcct
aggtcatcaa
cccacgagtce
tctctetegg
agctcctcga
tccgacgagg
tcatccgaaa

gctctteecga

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

caagaagtct

catccagttc

ccacacccte
ggccatctce
gactttcaag
gggtaccacc
catcgagttt
ctactaccac
cggtttecccece
ccagtcccce
ggttttcacc
ctggaacctc
tgacgacaag
gctcgacgac
cggccccgag
gtgggtcatc
gaccggcaag
cgtecggetge
tgtccecegtt
tgagattctc
taacctggct
gaacgccgtce

caacgacatt

<223> UGT4 CpO for Yarrowia lipolitica

<400> 19

ccccacgtte

ggcaagcgac

aactccactc
gacggctgtg
caggtcggtt
attgacgcca
ggtattgacg
gtccacaagg
gttctgcage
tggtcccaga
aactccttcet
aaggtcattg
gacaacggtt
aagcccaagg
caggttgagg
aagcacaagg
ggcctcattg
tttgtcacce
gttgccatge
ggtgtcggtg
tcttgtatca
aagtggaagg

gtcgagtttg

39

tgctcatcce

tcatctccaa

tcaaccactc
acgagggtgg
ccaagtctct
tcatctacga
gtggctecctt
gtctgatctce
gatgggagac
tgctcttegg
acaagctcga
gccccaccct
tcaacctcta
agtccgttgt
agatcacccg
aagagggtaa
ttgcectggtg
actgcggttt
cccagttcte
tccgagtcaa
agatgatcat
atctggccaa

tctececgaget

cttcectetg

gggtgtcaag

caacaccacc
tttcatgtct
ggctgacctc
ctccatgacc
cttcacccag
tctgeececte
tcctctcatt
ccagttcgece
ggaagaggtc
cceccectecatg
caaggccaac
ctacgttgcece
agctctgatt
gctcececcgag
caagcagctc
caactccacc
cgaccagacc
ggctgacgag
ggaggaagag
ggttgectgtc

catcaaggcc
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atggagaaca
ccecttecagg
ttctccatca
ttcactttcc

acccacggtce

ctccgacgag
ctgatcaccg
cgactcgttce
tttgacgagce
ggtttcccca
aaggagattc
tccttcaagg
tctttcctca
gaccgaaccg
ttcggetcca
gactccaagce
gttgagccce
cagcaggaag
tccactcteg
cagcccctceca
ggctgggage
gagtacatcc

ggtggttctt

<210> 20
<211> 2232
<212> DNA

agaccgagac
gccacatcaa
ccatcttcca
gattcatcct

ctctggetgg

agctcgagcect
atgctctgtg
tcatgacctce
tcggttacct
tgctcaaggt
tcggcaagat
agctcgagga
tcececeetgee
tctttcagtg
cctccgaggt
agtccttecct
tgccegatgg
ttctggccecca
agtccgtctg
acgcccgata
gaggtgagat
gacagaacgc

cttacgagtc

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

taccgtccga
ccececattetg
caccaacttc
cgacaacgac

tatgcgaatc

gctcatgcectce
gtactttgce
ctctctgtte
cgaccccgat
caaggacatc
gatcaagcag
gtccgagcete
caagcacctc
gctcgaccag
cgacgagaag
gtgggttgtce
ttteccteggt
cggtgccatt
cgagggtgtc
catgtccgat
tgccaacgce
ccgagtcectce

tctcgagtcet

<223> tCPS_SR CpO for Yarrowia lipolitica

<400> 20

cgacgacgac
cagctcgcca
aacaagccca
ccccaggacyg

cccatcatca

gcctecgaag
cagtccgtceg
aacttccacg
gacaagaccc
aagtccgect
accaaggcct
gagactgtca
accgcttect
cagcccccett
gacttccteg
cgacccggcet
gagcgaggcc
ggtgccttcet
cccatgatct
gttctcaagg
atccgacgag
aagcagaagg

ctegtttect

40

gaatcattct
acgttctgta
agacctccaa
agcgaatctc

acgagcacgg

aggacgagga
ccgactctct
cccacgtttce
gactcgagga
actccaactg
cctececggtgt
tccgagagat
cctecttetet
ccteegtect
agattgctcg
ttgtcaaggg
gaattgtcaa
ggacccactc
tctececgactt
tcggtgtcta
tcatggtcga
ccgatgtctce

acatctctte

cttcceegte
ctccaagggce
ctacccccac
caacctgccce

tgctgacgag

agtctcctgt
caacctgcga
tctgececcag
gcaggcttce
gcagattctc
catctggaac
ccecgetecece
gctcgaccac
ctacgtttcc
aggcctcegtt
ctccacctgg
gtgggtccce
cggctggaac
tggcctcgac
cctcgagaac
cgaggaaggt
tctcatgaag

tttgtaa
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atgtgcaagg
accaagtggg
aacgacgaga
ggcgagatta
ggttcecgget
gacggttctt
gcctgtgtcea

aacttcctcecce

ctgtttccaa
acgacgacaa
tcaaggagtt
atgtctctge
ctcctcagtt
ggggtgacca
ttgctctgac

gagagaacat

EP 3 334 752 B1

ggagtactcc
ggtcaaggac
tgtcgagtce
ttacgacacc
cccttectet
cctgctette
ctcttggaac

ctgcaagctc

gatctgctce
cacctcgaca
gtcaaggcca
gcctgggttg
ctcgagtgga
tctgctcacg
gtccacccct

gaggacgaga

41

agaaggacga
ccaacaagaa
tgttcggcete
ctctggtcca
tcgccaacaa
accgaatcat
ccaagtgcga

acgccgagca

ggcctettte
cctctacccce
catgaacgac
ggatgtcgac
ccagctgtcce
caacaccctg

gaagggtctg

catgcccatt
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ggcttcgagg

cccgaggaca
atccccatgg
ccecgateteg
tcccectett
ctcaccaaca
tttgagcaca
tccgagatca
tgggcccgaa
cgagcccacg
tttgtetgtt
gcttctcaga
aactacctca
gatctgcccg
ctggagactc
accctgtacce
tacaacaact
gacattggta
ctecgetgetg
accaccatcc
gatatcaccg
aacggcgagce
ctcgacgcetce
atgtggctca
atcaacatga
cgactctcca
gagaactcca
accccecgatg
tactacaagg

attgtgattt

<210> 21

tcaccttcce
ccececgetcet
aggttctcca
agtgggagaa
ccactgcctt
ttgtcaccaa
tctgggttgt
aggactgtgt
acacccacgt
gctacgatgt
tcgeeggtcea
tgctcttcece
aggagaagca
gtgaggttgg
gatactacct
gaatgggcta
acgttgccgt
tcgagaagtt
cctccatcett
tcgtcgacaa
ccttcattga
cctggcacga
tgatgaccca
ccaagctcca
ccgecggecg
ctgtcaccaa
ccaccgtcga
atctcgacca
cctggtgcga

aa

EP 3 334 752 B1

ctctctgatt
caaggagatc
caaggtcccce
gctgctcaag
cgeccectecatg
gttcaacggt
tgaccgactc
cgagtacatc
ccaggacatt
cacccccgat
gtccacccag
cggtgagcga
gtccaccaac
ctacgccectce
cgagcagtac
cgtttccaac
cctccagetce
cgagtccgac
cgagcccgag
gatcacctcce
caagttccga
ggtcatggtt
ctctcaggac
ggacggtgtt
atgggtttcc
ctctgtetge
ctccaaggtce
ggacatgaag

ccccaacacc

gacattgcca
tacgctcgac
accactctcce
ctgcagtgca
cagaccaagg
ggtgtcccca
cagcgactcg
aacaagtact
gacgacaccg
gtctttcgac
gccgtecacceg
atcctecgagg
gagctgctcg
gacatcccct
ggtggtgagg
aacacctacc
gagtggtaca
aacatcaagt
cgatccaagg
atcttcgact
aacaagtcct
gctctcaaga
atccaccccce
gatgtcactg
aaggagctcc
cacgacatca
caggagctgg
cagaccttcc

atcaacgacc

42

agaagctcaa
gagacatcaa
tccactctct
aggacggctc
acgagaagtg
acgtctaccc
gtatcgcceceg
ggaccaagaa
ccatgggcett
agtttgagaa
gtatgttcaa
acgccaagaa
acaagtggat
ggtacgcctce
acgatgtctg
tcgagatgge
ccatccagca
ccgtecttgt
agcgaattgce
cctcccagte
cctccaagaa
aaactctcca
agctccacca
ctgagctcat
tcacccacce
ccaagctcca
tccagetcegt
tgactgtcat

acatctccaa

cattgaggtc
gctcaccaag
cgagggtatg
tttcctectte
tctccagtac
cgttgacctce
atacttcaag
cggtatctge
ccgagttctg
ggacggcaag
cgtctaccga
gttctecctac
cattgccaag
tctgececececga
gatcggtaag
caagctcgac
gtggtacgtc
ctcctactac
ctgggccaag
ctccaaggaa
gcactccatc
cggctttgee
ggcctgggag
ggtccagatg
ccagtaccag
caacttcaag
tttctececgac
gaaaactttc

ggtctttgag
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<211> 2274
<212> DNA
<213> Atrtificial sequence

<220>
<223> tKS-SR CpO for Yarrowia lipolitica

<400> 21

EP 3 334 752 B1
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atgacctccc
cgaatccaga
gtcgecatgg
tggctcatca
cacaaccacc
aagcgatgga
ctecgecteeg
ggtctgctceg
tctctecatge
ggctacctgg
aagtaccaga
atcaaccacc
aacgccgtcce
attgagcgac
acttaccgat
ctggccttcece
atcaccaacg
cacattctgt
ctcaaggaga
gagaacgctc
atccagctct
atctccaaca
taccgagagg
aagtttgccc
cccgagetcet
gacgacttct
gagaagtgga

ctggctctca

acggcggcca
agcagttcaa
tccecctetee
acaaccagct
ccctectcaa
acgttggcga
ccaccgagaa
agtacgccaa
tgcacaagcg
cctacatttce
tgaagaacgg
agaaccccgg
ccactgtcta
tcggtattte
gctgggttga
gactcctcceg
agctggctct
accaagagga
tcatctccac
tcaagttcce
acaacgtcga
ccgactacct
agctcaaggg
gacaaaagac
ccgacgcccg
ttgacattgg
acgtcgacgt

aggacgccat

EP 3 334 752 B1

gaccaacccce
gaacgtcgag
caactccccce
caacgacggc
ggactctctce
ggaccagatc
gtcccagcece
gaacctcgat
agagctcgag
cgagggtetg
ttcegtttte
ctgtctcaac
cccccacgat
ccaccacttce
gcgagatgag
aatcaacggt
caaggacgag
tctgtectee
tgactccaac
catcaacacc
caacacccga
gcgactcgece
tctggagecga
tgcctactge
aatctcttgg
tggcaccatt
tgacaaggac

ctgctggatc

accaacctca
atctccgttt
aagtctccct
tcttggggtce
tcttccacte
aacaagggtc
tcececcecattg
atcaacctgce
cagaagcgat
ggtaacctct
aactccccecct
tacctcaact
ctcttcatce
cgagtcgaga
cagatcttca
tacgaggttt
tacgcecgece
ggcaagcaga
cgactctcca
ggtctggage
attctcaaga
gtcgaggact
tgggttgtceg
tacttctceg
gccaagaacg
gacgagctga
tgttgttcecg

ggtgacgagg

44

tcattgacac
cctecctacga
gcttececeecga
tggtcaacca
tcgectgeat
tgtctttcat
gctttgatat
tctccaageca
gccactccaa
acgactggaa
ctgccaccge
ctctgectcega
gactctccat
tcaagaacgt
tggacgttgt
cccecgaccece
tcgagactta
ttctcaagtce
agctcatcca
gaatcaacac
ccacctacca
tctacacctg
agaacaagct
ttgctgccac
gtatcctgac
ccaacctcat
agcacgtccg

ccttcaagtg

caccaaggag
caccgecetgg
gtgtctcaac
cacccacaac
tgttgectcte
tgagtccaac
catcttccce
gaccgacttc
cgagatggac
catggtcaag
tgctgectte
caagtttggt
ggtcgacacc
tctcgatgag
cacctgtgcet
cctecgecgag
ccacgcttct
cgeccgactte
caaggaagtc
ccgacgaaac
ctcttccaac
ccagtccatc
cgaccagctc
cctctettet
cactgttgtc
ccagtgecgtce
aatcctctte

gcaggctcga

60
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gatgtcactt
gccatctgga
gtcagectttg
tccgaggaga
ggccgactce
gccegttgete
gagatgatga
aacggctcca
aacttcttcet

gacatcatct

<210> 22
<211> 1578
<212> DNA

cccacgtcat
cccgagatge
ctctecggtcee
ttgtcgagtce
tcaacgatat
tgcacctgtce
tgatgatcaa
ttgtceccececeg
acgccaacga

acaaccctct

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

ccagacctgg
ctacgtccce
cattgtcaag
ctccgagtac
ccactcctte
caacggtgag
gaacaagcga
agcctgcaag
cgacggtttc

ggttctggtce

<223> KAH_4 CpO for Yarrowia lipolitica

<400> 22

ctcgagctca
accctcaacg
ccecgecatcet
cacaacctct
aagcgagagt
tcecggcaagg
aaggagctca
gacgccttcet
accggcaaca

aacgagaacg

45

tgaactccat
agtacatgga
actttgtcgg
tcaagctcat
tcaaggaagg
tcgaggaaga
tgaagctcat
ggaacatgtg
ccattctcga

aggagcagag

gctgcgagag
gaacgcctac
tcccaagetg
gtccacccag
taagctcaac
ggtcgtcgag
cttcgaggag
ccacgtcctce
caccgtcaag

gtaa

1740
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atggagtctc
ttctecegteg
tctctcaage
gagatgcagc
gactactctt
tacacctact
gagctctcce
aaccccattce
cgaatcattg
gagtccgceca
ggctgtgaca
gecetgttteg
ctcaccgcecceca
ttcggetcca
tccatctggg
ctcatgcagce

tctgettace

tccaccgeceg
gtcaagatcc
atccccaacc
gctcccattg
aagggtgtct
cccgacgeca
tacccccagt
ggtatgatgg
tctcccacct
gtcatccgag

<210> 23
<211> 1578
<212> DNA

tggttgtcca
gctaccacgt
tccagggtgt
gaatccagtc
cttctectgtt
ccactggcecct
agaccaacac
tcggtaacgg
cctacgagtt
tgcccatgcet
tccgagtcecga
gctcttecett
tcaccaagcg
agaagcacgg
agactgtcaa
tcattctcga

gacgattcgt

tttcegttte
gagatgagat
tcaagaccgt
tcggecgaga
gtatctggac
acgacttcaa
cctacatccce
aggtcaaggt
accagcactc

ttgtataa

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

caccgtcaac
ctacggccga
caagggtcct
cgaggccaag
cccccacttt
caagcagcac
cctcaacctce
tatcatcacc
cacccacgac
caacaagtgg
cgaggacctc
ctccaagggce
atccgtectce
tgacgttgac
ggagcgagag
gggtgccatg

tgtcgacaac

ttggtgcctce
tctgtectee
caccatggtc
ggcctccaag
cctecatccce
gcccgagega
ctttggectce
cctegtttcet

tceceteccac

gccatectggt
gctgttgteg
cctecectceca
cactgctcceg
gaccactggc
ctctacatca
ggccgaatca
tccaacggece
aagatcaagg
gaggagatgg
aaggatgtct
aaggccatct
ttccgattca
attgacgctc
attgagtgca
cgatcttgtg

tgcaagtcca

atgctgectcg
tgcaagaacg
atccaggaga
gacattcgac
gctctgcacce
ttctececgagg
ggcccccgaa
ctgattgtct

aagctgctcg

46

gcattgtcat
agcagtggcg
tcttcaacgg
gtgacaacat
gaaagcagta
accaccccga
cccacatcac
cccactgggce
gtatggtcgg
tcaagcgagg
ccgctgacgt
tctccatgat
acggtttcac
tcgagatgga
aggacaccca
acggtaacct

tctactttge

ctctcaaccce
gtatcccecga
ctatgcgact
tcggtgatct
gagatcccga
gtatctccaa
cctgtgtcgg
ccaagttctc

tcgagccceca

tgtcggtatc
aatgcgacga
taacgtttce
catctcccac
cggccgaatc
gatggtcaag
caagcgactc
ccaccagcga
tctgatggtce
tggtgagatg
cattgccaag
ccgagatctg
cgacatggtt
gctcgagtce
caagaaggac

gtgggacaag

cggccacgac

ctcttggcag
cgccgagtcece
ctaccctcce
ggttgtccce
gatctggggt
ggcctgcaag
caagaacttt
cttcactctg

gcacggtgtt
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EP 3 334 752 B1

<223> KO_Gib CpO for Yarrowia lipolitica

<400> 23

atgtccaagt
ctecggececteg
gcectggetcet
gtcgteggtt
gagggtggtt
cgaaagctcg
ctctcecagg
acccgaggta
acccccaagce
aaggagatgc
gtccgactca
caggagtggce
ctcecgagttg
accctgetge
cagggtgacg

aagcagatcg

accgccatga
cceccectecgag
aaccgattcc
ctgctcacct
cccteeggta
cceggtecca
tccaactacg
tacggtaagt
gccattctge
atcaccatcg
tctctgegtg

<210> 24
<211> 2133

ccaactccat
accgaatgcecce
gctcctacgt
accgatccgt
ccatcattgg
gtaccgacat
acaagacccg
tggtctttcet
ttgtctctcet
ccgacatgaa
tctctcgaat
tcaccaccac
tcccccacat
gaaacgtttc
gtaacgagga

acaacattgc

ccatgaccca
atgaggtcaa
acaagctcga
tcaaccgaat
cccgaattge
cteccteccac
cccagaagta
acgcctgececce
tcctecagtt
actccgacat

acgagtaa

gaactccacc
cctcatggac
catccacgtt
tttcgagcecce
ccagggctac
tgtcatcatc
atccgtcgag
gcagtccgat
caccaaggtc
gaacgacgag
ctcegeeccga
cgccgagtac
tctececgaccee
ttcecggecga
catcctctet

ccagcgaatg

cgccatgtac
gtcecgtegtt
ctctttecte
ctaccaccag
tgtccectet
tgagttcgac
cctettetee
cggccgattce
tgagttcaag

gatccccgac

tcccacgaga
gtccactgge
ctgtcctett
acctggctcce
aacaagttca
cctceccaact
cccttcatca
ctccagaacc
atgaaggaag
tgggttgagg
gtttteccteg
tccgagtcte
ttcattgcte
cgagtcattg
tggatgcgag

ctcattctgt

gatctgtgtg
ggtgcttctg
aaggagtccc
tccatgacce
cacgccatgce
ggtttccgat
atgaccgact
tacgcctcca
ctceceecgacg

cceccgagetce

47

ctctecttceca
tcatctacgt
cctccactgt
tccgactgeg
aggactccat
acattgacga
acgactttgc
gagtcatcca
agctcgacta
tcgacatctce
gccccgagea
tcttcatcac
ctctgetgece
gtgatatcat
atgctgccac

ctctcgecte

cctgceecga
gctgggacaa
agcgattcaa
tctecegatgg
tccaggactce
actccaagat
cttccaacat
acgagatgaa
gtaagggccg

gactctgtgt

gcagctcgtt
tgcctttggt
caaggtcccce
attcgtectgg
cttccaggtce
ggtccgaaag
cggccagtac
gcagcgactc
cgctctgacce
ttccatcatg
ctgccgaaac
cggcttcatce
ctcttaccga
ccgatcccag
tggtgaggag

catccacacc

gtacattgag
gaccgctcte
cceegtttte
taccaacatc
cgcccacgte
ccgatccgac
ggcctttgge
gctgactctg
accccgaaac

ccgaaagcga

60
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<212> DNA

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

<223> CPR_3 CpO for Yarrowia lipolitica

<400> 24

atgtcctecct
ggtgagcceceg
gagctgtcct
gctgttctca
aagcgagtcg
ggccgaaaga
aaggctctcg
ctcgatgatt
gccttettet
tacaagtggt
gtttteggte
gacatcctcg
cagtgcatcg
attctgcgag
taccgagtct

ggtaacggct

cttecttette
tcattgtctce
ccatgctcat
ttggctgcat
agcccctcaa
aggtcaccat
gtgaggaagc
acgctgccga
tcctegecac
tcaccgaggg
tgggcaaccg
tcgagcaggg
aggacgactt
aggaaggtga
ccatccacga

acaccgtctt

ttccacctce
cgaccccgec
cgagaaccga
tgtcatgctce
gccectggte
cttetttgge
caaggctcga
tgacgacgag
ctacggtgac
taacgaccga
acagtacgag
tgcccagecga
cactgeccectgg
caccgecgtt
ctccgaggat

tgacgcccag

atgattgatc
aacgcctcceg
cagtttgcca
gtctggcgac
atcaagcccce
acccagaccg
tacgaaaaga
tacgaggaga
ggtgagccca
ggcgagtgge
cacttcaaca
ctecgteccagg
cgagaggctc
gccacccecct
gccaagttca

cacccctaca

48

tcatggctge
cctacgagtc
tgatcgtcac
gatctggctc
gagaagagga
gtactgctga
cccgattcaa
agctcaagaa
ccgacaacgce
tcaagaacct
aggttgccaa
tcggeectegg
tgtggccecga
acaccgccgce
acgacatcaa

aggccaacgt

catcatcaag
cgttgectgee
cacctccatt
cggtaactcc
gatcgacgac
gggcttcgece
gattgtcgac
agaggacgtt
tgccecgatte
caagtacggt
ggttgtcgac
tgatgatgac
gctcgacacce
cgtcctegag
catggccaac

cgccgtcaag

60
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cgagagctcc
ggttcecggte
gagactgtcg
cacgccgaga
tgcaacctge
gctctegttg
ctecgectete
ctgctcgagg
ggtgttgctce
gagactcgaa
cacaagggtg
tgttcectcetg
gtcccecatca
gagcgactcg
tgccgaaacce
ggtgctctcg
cagcacaaga
ctctacgtct
attgcccagg

cagacctccg

<210> 25
<211> 1419
<212> DNA

acacccccga
tgacctacga
acgaggctct
aagaggacgg
gaaccgctct
ctctggecge
ccgctggcaa
tcatggccga
cccgactcceca
tccacgttac
tctgctceccac
ctcccatcett
tcatgattgg
ccctegtega
gacgaatgga
ccgagctcectce
tgatggacaa
gcggtgacge
agcagggctc

gccgatacct

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

gtccgaccga
gactggtgac
gcgactccte
tactcccatc
gacccgatac
ccacgcecctcce
ggacgagtac
gttccectee
gccccgatte
ctgtgctctg
ctggatgaag
tgtccgacag
cceccggtace
gtccggtgte
cttcatctac
cgttgecette
ggcctccgac
caagggtatg
catggactcc

ccgagatgtce

<223> UGT2_10b CpO for Y. lipolitica

<400> 25

tcttgtatce
cacgttggtg
gacatgtccce
tcttcttecte
gcctgectee
gaccccaccg
tccaagtggg
gccaagcccce
tactccatct
gtctacgaga
aacgccgttce
tccaacttca
ggcctecgece
gagctcggece
gaagaggagc
tceccgagagg
atctggaaca
gcccgagatg
accaaggccg

tgg

49

acctcgagtt
tcctectgtga
ccgacactta
tgcccecectee
tctcttectee
aggctgageg
ttgtcgagtce
ctctecggtgt
cctettecce
agatgcccac
cctacgagaa
agctcccectce
ccttecegagg
ccteegtect
tccagecgatt
gtcccaccaa
tgatctccca
tccaccgatce

agggtttcgt

tgacattgct
caacctgtcc
cttctectetg
cttecectece
caagaagtct
actcaagcac
ccagcgatct
tttcttegee
caagatcgcecce
cggccgaatc
gtccgagaac
cgactccaag
cttecctgecag
cttetttgge
cgtcgagtcce
ggagtacgtc
gggcgcctac
tctgcacacce

caagaacctc
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atggccacct
tggctecgect
ggccacaagg
tctccecctcea
gccgaggeca

ggcctccage

gactacaccc
ttctecegtea
aacggttccg
ttccccacca
cccggtatcet
tccaagacct
gtccecegtea
tcttgggttt
gctcteggtt
gagctgtccg
gactccgteg
acctcttggg
cactgcggtt
cccatctteg
gagatcccce
cgactcgtca
aagctctttg

cagaagcacc

<210> 26
<211> 1758
<212> DNA

ccgactccat
ttggccacat
tttccttecct
tcaactttgt
ccactgatgt

ccgaggtcac

actactggct
ccaccccecectg
actaccgaac
ccgtectgetg
ccgacggtta
accacgagtt
tceceegttgg
ccatcaagga
ccgaggttct
gtctgecectt
agcttcccga
ctcecccaget
ccggctccat
gtgaccagcce
gaaacgagga
tggtcgagga
gcgacaagga

gacgagctgt

<213> Yarrowia lipolytica

<400> 26

EP 3 334 752 B1

tgttgacgac
catccecctat
ctccaccacc
caagctcacc
ccaccccgag

tgagttcctce

cceccgagatt
ggccattgct
cgagcttgag
gcgaaagcac
ccgaatgggce
cggtactcag
tctgectecect
gtggctcgac
cgtcacccag
cttetgggcece
tggtttcgte
ccgaatcctce
tgtcgaggge
cctcaacgcece
agatggttct
agagggtaag
cctccaggac

tgccattgac

cgaaagaagc
ctcgagettt
aagaacattg
ctcecececgag
gatatcccct

gagcagcact

gccaagtctce
tacatgggtc
gacttcaccg
gatctggcce
ctcgtcatca
tggctccgac
ccctecatcee
ggccaggaga
gaagaggttg
taccgaaagc
gagcgagtcce
tcccacgagt
ctcatgttcg
cgactccttg
ttcacccgag
atctaccgag
cagtacgtcg

cacgaaagc

50

tccacattgt
ccaagctcat
accgactctc
tccaggagct
acctcaagaa

ctceccgactg

tcggtgtcte
ccactgccga
tccctcccaa
gactcgtcce
agggctgega
ttctcgagga
ccggctcetga
agggctccgt
tcgagettge
ccaagggtcc
gagatcgagg
ccgttgetgg
gccacccectcet
aggacaagca
actctgttgce
agaaggccaa

acgactttgt

catgttccce
tgcccagaag
ctceccacatce
gcccgaggac
ggcctccgac

gatcatctac

tcgagcccac
tgccatgatc
gtggttccce
ctacaaggct
ctgtctgcectce
gctgcaccga
caaggacgac
tgtctacgtt
tcacggtctg
cgccaagtcce
tctggtctgg
tttcctcace
catcatgctc
ggtcggtatc
cgagtctctg
ggagatgtcc

cgagtacctc
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atggaatgga
gtgcgcaagg
actcttcata
ccgcaagatt
gacgagttcg
gctcagatca
gtgcaggaag
atggcaccca
acgaatgagg

gtgaaggtcg

ttctacgcete
aagcagttta
atcggagaag
acttcaacaa
ttagaatcgce
aagactttca
cggtactttg
gagctcttca
gtgggttcga
gctctggect
tcaactaagg
caagaaccaa
attttcactc
ctacagtggce
cccgaagaca
gaggaatgga
gctgagaaga
atggttgaga
gctaacaatg

aagtactatg

<210> 27

tttcacatct
acgcgctgcet
aggccttgga
acaccggcgt
atgatgagtc
aacgactcaa
agcctcacct
acttcgegtce
acgatatcaa

agcctcetttt

ttgtgttcaa
tcaacaaaag
gtecttgttgt
cccgaaaggce
aggccgtcac
agtttggaaa
gagagccaat
tccacagtgt
ttcgagectt
gggttattgt
agatcgaagg
agactgaact
gtctacgcat
attaccgagt
agacgacacc
acaaggtgtt
aagtcaagag
atgacattgt

ttgagcccaa

ggaagtga

EP 3 334 752 B1

ggagaacgat
gatcgccatt
ggcagcctte
tatgctgtte
agatacacat
acgactggca
gatggacgtg
cagacgaatc
caagacacga

gatcaaccct

cgaagacaca
aaacgtgctc
cggagtaaga
ctgggtttac
tattgaaagt
tgactatgtt
tattcgaatt
ccgatcgtca
ttcagcactc
ccgcaagggce
tcttcatatg
tgtgtectgee
gcctggegga
tgtacgagcce
aaagtatcgg
gcagagcagc
ttctgacgeg
cggcaagctg

tggtagcaag

gacgatgtgc
caagtaaccc
gatgctgtga
ggtgcctcca
ttcattctca
gaggaccctg
tttttcgaca
atctatatca
gttcgaattg

tcggaagaca

tctgtggage
aatcgatcac
ggataccttc
actggaggtg
ggcagaagcg
cctttcacag
ctecggcettcee
atgttcctat
tatcagagtc
gccaaaccta
gtcttettge
gcccectgage
tttgagtcge
atggcccttce
tctattgata
tccaagcgac
ggccctecegt
accgtcgcag

ttgaagaagg

51

tggaaatcga
agaacgccat
ctgacagaat
tgcagtctga
agctgggect
atctgggtga
tgaaccgcca
cagacgacga
aggatctaag

agacgttcga

cggttgaggce
tgttcaatgt
tttatgcgga
agaaacccga
tggacaaggc
aagaacagct
acaattcctc
atcccactga
tcaagaacaa
ttctggcectcet
cttttacaga
tcgtggacge
aaagataccc
aggaggaggt
ctcgagttgg
ctgcggagga
ccaacgagca
aactcagggc

actgggttga

ggactacaag
taacaacgga
cgtcatatcg
ggacgacggt
tcctaccget
gaggttcaag
ttttatcaac
tacccccacg
ccatctcaag

ctcecteccaaa

gatcgatttg
caaaatggaa
acaaaaggct
gattgccaaa
agatctgaga
gacgcaaatc
ggacttctcc
tgagaagctt
ggataagatg
tcttattcct
tgatattcga
aaccaagaat
caaccccegt
tcccaaggta
tgatgccatc
tatctgtaag
aatgcaaaat

ttggggtgct

ggtggtcaaa
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480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1758



10

15

20

25

30

35

40

45

50

55

<211> 4245
<212> DNA

<213> Yarrowia lipolytica

<400> 27

atgggtaaaa
gggaaaaagc
actgaaaaac
tggcttagtce
aaagtgagag
aaacaatacg
catctcaagc

tggaagttct

ccgaagtgac
ccttectecat
cagattcggce
cattgttgaa
agagaaactc
ccaagtacca
tgcaagattc

ggctagcecgg

EP 3 334 752 B1

acaggagagt
catcacactc
cgaagaacgg
aactggttac
ggcggetgtg
cgccaaactg
agccaaaccc

actgtttgcecce

ctagaatgcg
ttcaccggea
gccgggatte
ttacgaaaca
atccagcagce
ctcaagaaag
ctegtettgg

ctagtcaagg

52

ggtcggtcac
gacgcattcc
tgtcaaaatt
ttgaacgtga
gacttgaatc
gactctcgga
ctcttaacca

acctctgtgg

gtcctegetg
tcecggtaccet
gacctggcaa
ggatctgtat
caatctcgaa
gcaagaggcg
gacgtttttt

aatcgcctca

60

120

180

240

300

360

420

480
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gctatggtgt
gaccgggaac
gtaggagtca
gctcgtgecag
cgagctcaat
gatctcagtt
attgctgtac
gtcttgatct
gtcaagctca
atcaagtact
gagacccgta
gcactcccta
actgatcctg
gctgttcette
cagcggttecce
tctactgatg
gataagagcg
gccgagaaga
gaagaggagg
aagtcgactt
gttgttaccg
atggttttga
ccgtggattce
gaatggtata
cacggagaca
cgaatcaacc
ctgtcggcetg
gccaagaact
catgtgattt
gctgacaatg
gttgctgtceg

aaggaggagt

cacgtgttct
ctaaggtcgg
ctttcttett
ctectggtgge
acaccacagg
gtgaatcttt
tcgtggtcaa
ttgtegtege
cggataagcg
acggctggga
actacgccaa
ttttggcagg
ctcgaatgtt
cccaggcecct
ttggggcega
acgctgtgat
acaaagagaa
aggccaagaa
tggaacacga
tcaagggctt
gtceccattgg
caggcggttce
aaaacgccac
gaactgtggt
ataccatgat
tcgcacgtge
tggacgctcg
ccactcgaat
tcatggatgce
agcagttcaa
acgagactga

atgaggatgc

EP 3 334 752 B1

gatcgaatac
ccgaggagtce
caaccacatg
cgtcatctac
caagatcaca
ccactacatt
cctcaaggtc
aggcatcacc
agtcacgtat
ggttccttac
gatgggctceg
agcgttgtcet
ctecttetcetg
ccaggctget
ggagtcgact
tgtggaagac
ggctaaagat
ggcggccaag
aaagaccgag
caacaacctg
ttctggaaag
cgtgcgagtg
agttcgagat
tactgecctgt
tggagagcga
tatatatgga
agtaggtgct
tctggceccacce
cgaaggccag
ggctcttttg
ggttgttatt

agctgagacc

attcaagaca
ggcccectega
ttctacaatg
agcaagagta
aacttggcag
actatctttt
gcagctctag
atcttctcta
atccgagaag
tgtgacaaga
attcgaggaa
ttcatcacct
acgcttttca
ggagacgctc
cccactacag
gcctetttea
gcaaagaagg
aaggcggcca
ggatccagtg
tctttcaaaa
tcgtetette
tcgtccacag
aacattgtgt
cagctgagcece
ggcatcacag
aaccccgaga
ggtattgtgg
catcagctgt
tttcatattg
gcggctggtt
gaaggcgatc

atttccattt

53

gatatctcta
taggcctatt
tcaagatggt
ccegtttgag
ctattgacge
tgcectgttgt
ttggaattgce
tgaagctgceg
ctctgcagtce
tcaagaaggt
cagccattgg
acgctgetcet
atttactcct
gagtggctct
tttttgacge
tctggccaga
aggaaaagga
aggagatcgce
agtctgaaaa
tcaagcgggg
ttgctgecat
agtggattgg
ttgggcgaaa
aggatctcaa
tttegggegg
ttctcatcat
acgattgtct
ctgtgectgee
gtacgtacca
ccatgtccaa
ttgaagacga

tggcagatgc

cagggggaca
tctactggcec
tggagctcag
cgccaagggce
acatcgagtt
gggttgtgee
gaccatgatt
agccatcatt
gattagaatc
gcgtettgac
tatgtttcag
aggtcatgga
gcctgetett
cagacgtatc
tactcttgaa
agttgtcgat
taagaagaag
ggtggttgtg
gggtactctt
tgaatttgtc
cactggatct
atgtctggag
attcgactct
aataatgact
tcaaaaagct
ggacgacgtc
tcgaggctta
taaggctgat
agagctggag
ggaggaggtg
ctgcgataac

cactcaagag

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400



10

15

20

25

30

35

40

45

50

55

ctgcaaaagg
gaagagcgaa
aaccccagta
attgecetttce
catgcctcca
gctgtggcag
cacaatcatg
cagggtcgta
atgcgattga
tgtgtctacg
tctctaggtt
tcgcacatga
aaggcccagc
tacttcctca
ttggtcgttc
aacatgggtc
caggccgttg
gacaacattc
aactggcctg
cttccttacg
tgtggacgaa
cttgctgagg
cttcggtcte
tctaatttgg
tctggacttce
gctgacggca
cttagaaaca
gacaagctgg
gcccatcgac
atcaaccagt

atgtgtgaca

tgaccactac
tgagagatgc
gggtcaaggt
tgtttgtett
gaaacttcta
gatacatgat
ctttggactc
tcatcaaccg
ctatgttgtt
ttcecttatgt
actaccgaaa
tgagtgtcectt
atcggctcat
ctgctgcaaa
tggtggccac
tgatcatttc
ctgaactcga
ctgctgagge
agcagggagc
tgctcaagtce
caggagccgg
gttctattac
agttgtccat
atcctctgga
tcgatgaagg
gcaacttctc
ccaaaatttt
ttcaggagac
tgcgaaccat
acgacacgcc

cctcegggtt

EP 3 334 752 B1

agtctcggceca
agttggtttg
aatgatgttc
cacatctgta
caccggaatt
tgtcaatgag
ggtgttcget
gttcacccga
ctttggegtce
gactcttgtg
gtcagctcgt
caacgagtcc
gaacaagctt
ccagcgatgg
tattcttgtt
cgcggectcee
aaactgcatg
tgctcgagaa
catcagcttc
attgtctgtce
taagagtacc
tattgatggt
cattccccag
gcaatactct
agagactgag
tctaggtgag
ggtgctggac
catttcacgg
tgccaagtat
ctggaacttg

gaacgaggta

tttgaggaga
catgtgtact
attggcatga
tggctctegt
tacatcatgc
atcaactctg
gcacgaactt
gacacagact
tcecgecattcet
cttgtcectg
gaagtcaagc
atttccggta
caggctactc
ctgtctetcece
gctgteggag
tttatccceg
aacgccacag
gtggacggta
aacaatgtgt
gactttcagg
atcttgcaga
gttgacattt
gagccagttt
gatgctgagce
ggtaagtttc
cgacagctgce
gaagccacat
gagtttggcc
gatcgtattt
tacaacgaca

gacttcaaca

54

acgataacat
ggcagtattt
tcttecattte
tctggacagg
tgggtattct
ccatggcagc
ctttecttega
ctctggataa
tctccaactt
tcggttttgt
gaattgactc
tgcecegtceat
tcgatgatat
gtctggatgg
tctttgatct
aagtcatgtc
agcgaattct
cagagctcga
ccatgaagta
gaggacacaa
ctctgtatcg
cgactattgg
tgttcctggg
tatggggttc
atctggatca
tgactctagc
caaatgtcga
actgcacgat
tggtgcttga
aggagggtat

agtaa

gatggaggaa
tcgtcaggece
catgattgtg
tgaccgttte
tctgettett
aagaaatcta
taccactcct
cgagctggct
cctgettact
cttctacgtt
cattgaacgg
catcatgtac
ggacagtgcc
tctgggttcet
caccccttee
tatggttgce
ttactacaag
ccagcgaccc
ccgagatgga
ggtgggtatc
aattgtggag
actgcatcag
caccatccgg
tctacgacgg
aaaggtggag
ccgagcactg
ctacaagacg
tctgtgtatc
gtccggegag

tttcecgaggt

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4245
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<210> 28

<211> 4245

<212> DNA

<213> Atrtificial sequence

<220>
<223> YALIOE25201g CpO for Y. lipolitica

<400> 28

EP 3 334 752 B1

55
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atgggtaaga
ggcaagaagc
actgagaagc
tggctctcte
aaggtccgag
aagcagtacg
cacctcaagce
tggaagttct
gccatggttt
gaccgagagce
gttggtgtca
gcccgagcetg
cgagcccagt
gatctgtctt
attgcecgtcce
gtcctecatct
gtcaagctca
atcaagtact
gagactcgaa
gctctececceca
accgaccccg
gcegttetee
cagcgattcc
tctaccgacg
gacaagtccg
gctgagaaga

gaggaagagg

ccgaggtcac
ccttectecat
ccgactccge
ctctgctcaa
agcgaaactc
ccaagtacca
tgcaggactc
ggctcgetgg
cccgagttcet
ccaaggtcgg
ctttettett
ccectegtege
acaccaccgg
gcgagtcettt
tcgttgtcaa
ttgtegttge
ccgacaagcg
acggctggga
actacgccaa
tcectegeegg
cccgaatgtt
cccaggccect
tcggtgectga
acgccgtcat
acaaggagaa
aagccaagaa

tcgagcacga

EP 3 334 752 B1

tcaggagtct
catcactctc
tgaggagcga
gaccggttac
cgctgeegtt
cgccaagcetce
tgccaagcecce
tctgttegee
cattgagtac
ccgaggtgtce
caaccacatg
tgtcatctac
caagatcacc
tcactacatc
cctcaaggtt
tggtatcacc
agtcacctac
ggttccctac
gatgggctcc
cgctctgtcet
ctcttectcete
ccaggccgcet
ggagtccacc
cgtcgaggac
ggccaaggat
ggccgctaag

gaagaccgaa

ctcgagtgeg
ttcaccggee
gccggecatcee
ctccgaaaca
atccagcagce
ctcaagaagg
cttgtecectgg
ctcgtcaagg
atccaggacc
ggtccctcca
ttctacaacg
tccaagtcca
aacctcgeceg
actatcttce
gctgcetcecteg
atcttctcca
atccgagagg
tgcgacaaga
attcgaggaa
tttatcacct
accctcttca
ggtgacgcce
cccaccactg
gcctecttea
gctaagaaag
aaggcagcca

ggctcctceceg

56

gttcecgtcac
gacggatccce
tctccaagcet
tcgagcgaga
gacttgagtc
gtctgtctga
ccctcaacca
acctctgtgg
gatacctcta
tcggactcett
tcaagatggt
ccecgactgte
ccattgatgc
ttcecegtegt
tcggtattge
tgaagctccg
ctctccagte
ttaagaaggt
ccgctattgg
acgccgceccect
acctgctgcet
gagtcgccct
tcttegatge
tttggccecga
aggagaagga
aggagatcgc

agtccgagaa

ctecctcetcete
tcecegteccee
gacctggcag
ggatctgtac
caacctggag
gcaagaggcc
gaccttctte
cattgcttcc
ccgaggtacc
cctgectggece
tggtgcccag
cgccaagggt
ccaccgagtc
cggctgegece
cactatgatt
agccatcatc
catccgaatc
ccgactcgac
tatgttccag
cggtcacggce
cceccegetett
gcgacgaatc
tactcttgag
ggtcgttgac
caagaagaag
cgttgttgtt

aggtaccctc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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aagtccacgt
gtcgtcactg
atggttctga
ccttggatcce
gagtggtacc
cacggcgata
cgaatcaacc
ctcteegecg
gccaagaact
cacgtcatct
gctgataacg
gttgcegttg
aaggaagagt
ctccagaagg
gaagaacgaa
aacccctctc
attgccttcce
cacgcttcecce
gcegtegecg
cacaaccacg
cagggccgaa
atgcgactca
tgtgtctacg
tcecteggtt
tcccacatga
aaggcccagc
tacttcctga
cttgttgtce
aacatgggcc
caggccegttg

gacaacatcc

tcaagggttt
gtcccategg
ccggtggtte
agaacgccac
gaaccgttgt
acaccatgat
tggcecegege
tcgacgccag
ctacccgaat
ttatggacgce
agcagttcaa
acgagactga
acgaggatgc
ttaccaccac
tgcgagatgce
gagtcaaggt
tcttegtett
gaaacttcta
gttacatgat
ccctegacte
tcattaaccg
ccatgctctt
ttccctacgt
actaccgaaa
tgtcegtett
accgactcat
ccgectgcecaa
tcgtegecac
tcatcatctc
ctgagctcga

ccgeecgagge

EP 3 334 752 B1

caacaacctg
ctcecggtaag
tgtccgagtce
cgtccgagac
caccgcectge
tggtgagcga
gatctacggt
ggtcggagcc
cctegecace
cgagggtcag
ggctcteccte
ggttgtcatt
tgcecgagact
cgtttetget
cgteggtctg
catgatgttc
cacctccegte
caccggcatc
cgtcaatgag
cgtcttegee
attcacccgg
tttecggtgtt
caccctggtt
gtcegeecega
caacgagtcc
gaacaagctc
ccagcgatgg
cattcttgtce
tgctgectcet
gaactgcatg

tgctcgagag

tctttcaaga
tcctetetge
tcttccaccg
aacattgtct
cagctctcce
ggtatcactg
aaccccgaga
ggtatcgtcg
caccagctct
ttccacattg
gctgececggcet
gagggtgacc
atctccattc
tttgaggaga
cacgtctact
attggtatga
tggctcteet
tacatcatgc
atcaactctg
gctcgaactt
gacaccgact
tcegecetttt
cttgtcceeg
gaggtcaagc
atctceggta
caggccaccc
ctctecectcee
gcegteggtyg
ttcatccecceg
aacgctaccg

gtcgacggta

57

tcaagcgagg
tcgctgecat
agtggatcgg
tcggecgtaa
aggacctcaa
tctececggtgg
ttctcatcat
atgactgtct
ctgttectece
gcacctacca
ctatgtccaa
tcgaggacga
tcgecgacge
acgacaacat
ggcagtactt
ttttcatctc
tttggaccgg
tcggtatect
ccatggeccge
ctttettega
ccctegataa
tctccaactt
ttggtttcogt
gaatcgactc
tgccegttat
tcgacgacat
gactggacgg
tctttgacct
aggtcatgtc
agcgaatcct

ccgagcttga

tgagttcgtt
taccggttcce
ttgcctcecgag
gtttgactcc
gatcatgacc
tcagaaggcc
ggacgacgtc
gagaggcctc
caaggccgac
agagctcgag
agaggaagtc
ctgtgacaac
cacccaggag
gatggaggaa
ccgacaggcc
catgattgtc
tgaccgattc
ccttetgete
ccgaaacctg
caccactccc
cgaactggcc
cctectcace
cttctacgtt
cattgagcga
catcatgtac
ggactccgcec
tcttggcetcet
caccccctee
catggtcgcc
ctactacaag

tcagcgaccc

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480
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aactggcccg
ctgccctacg
tgcggacgaa
ctggecegagyg
ctcecgatceccee
tccaaccteg
tceggectte
gccgatggtt
ctgcgaaaca
gataagctcg
gcccaccgac
atcaaccagt

atgtgcgaca

<210> 29
<211> 1414
<212> PRT

agcagggcgce
tcctcaagte
ccggtgeegyg
gctccatcac
agctgtccat
atcccctcega
tggacgaggg
ccaacttctce
ccaagattct
tccaggagac
tgcgaaccat
acgacacccce

cctececggect

<213> Yarrowia lipolytica

<400> 29

EP 3 334 752 B1

catctcctte
tctcteegte
caagtccact
cattgatggt
catcccececcag
gcagtactcc
tgaaaccgag
tctgggtgag
tgttctcgac
aatctcccga
cgctaagtac
ctggaacctc

caacgaggtc

aacaacgtgt
gacttccagg
atcctccaga
gtcgacatct
gagcccgtte
gacgccgagce
ggtaagttcc
cgacagctcc
gaggctacct
gagttcggtce
gaccgaattc
tacaacgaca

gactttaata

58

ccatgaagta
gcggccacaa
ccectgtacceg
ccaccattgg
tgttcettgg
tctggggttce
acctcgacca
tcaccctege
ccaacgtcga
actgcaccat
tcgttetega
aggaaggtat

aataa

ccgagatggt
ggtcggtatc
aatcgtcgag
cctgcaccag
caccatccga
tctcecgacga
gaaggtcgag
ccgagcecctt
ctacaagacc
tctctgtate
gtccggegag

cttcecgagge

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4245
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Met

Thr

Gly

Glu

Leu

65

Lys

Ser

Lys

Gly

Ser

Arg

Arg

Leu

Val

Asn

Gly

Lys

Ser

Arg

35

Ala

Lys

Arg

Leu

Leu

Thr

Leu

20

Ile

Gly

Thr

Glu

Glu

100

Ser

Glu

Gly

Pro

Ile

Gly

Arg

Lys

Glu

Val

Lys

Pro

Leu

Tyr

70

Asn

Gln

Gln

EP 3 334 752 B1

Thr

Lys

Val

Ser

55

Leu

Ser

Tyr

Glu

Gln

Pro

Pro

40

Lys

Arg

Ala

Ala

Ala

59

Glu

Phe

25

Thr

Leu

Asn

Ala

Lys

105

His

Ser

10

Ser

Glu

Thr

Ile

Val

90

Tyr

Leu

Leu

Ile

Lys

Trp

Glu

75

Ile

His

Lys

Glu

Ile

Pro

Gln

60

Arg

Gln

Ala

Leu

Cys

Thr

Asp

45

Trp

Glu

Gln

Lys

Gln

Gly

Leu

30

Ser

Leu

Asp

Arg

Leu

110

Asp

Ser

15

Phe

Ala

Ser

Leu

Leu

95

Leu

Ser

Val

Thr

Glu

Pro

Tyr

80

Glu

Lys

Ala
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Lys

Leu

145

Ala

Tyr

Ser

His

Leu

225

Arg

Ala

Phe

Lys

Val

305

Val

Ser

Lys

Pro

130

Ala

Met

Arg

Ile

Met

210

Val

Ala

His

Leu

Val

290

vVal

Lys

Ile

Ile

115

Leu

Gly

Val

Gly

Gly

195

Phe

Ala

Gln

Arg

Pro

275

Ala

Ala

Leu

Arg

Lys
355

Val

Leu

Ser

Thr

180

Leu

Tyr

Val

Tyr

Val

260

Val

Ala

Gly

Thr

Ile

340

Lys

Leu

Phe

Arg

165

Asp

Phe

Asn

Ile

Thr

245

Asp

Val

Leu

Ile

Asp

325

Ile

Val

Ala

Ala

150

val

Arg

Leu

val

Tyr

230

Thr

Leu

Gly

vVal

Thr

310

Lys

Lys

Arg

EP 3 334 752 B1

Leu

135

Leu

Leu

Glu

Leu

Lys

215

Ser

Gly

Ser

Cys

Gly

295

Ile

Arg

Tyr

Leu

120

Asn

val

Ile

Pro

Ala

200

Met

Lys

Lys

Cys

Ala

280

Ile

Phe

Val

Tyr

Asp
360

60

Gln

Lys

Glu

Lys

185

vVal

val

Ser

Ile

Glu

265

Ile

Ala

Ser

Thr

Gly

345

Glu

Thr

Asp

Tyr

170

vVal

Gly

Gly

Thr

Thr

250

Ser

Ala

Thr

Met

Tyr

330

Trp

Thr

Phe

Leu

155

Ile

Gly

Val

Ala

Arg

235

Asn

Phe

Val

Met

Lys

315

Ile

Glu

Arg

Phe

140

Cys

Gln

Arg

Thr

Gln

220

Leu

Leu

His

Leu

Ile

300

Leu

Arg

Val

Asn

125

Trp

Gly

Asp

Gly

Phe

205

Ala

Ser

Ala

Tyr

Val

285

Val

Arg

Glu

Pro

Tyr
365

Lys

Ile

Arg

Val

190

Phe

Arg

Ala

Ala

Ile

270

Val

Leu

Ala

Ala

Tyr

350

Ala

Phe

Ala

Tyr

175

Gly

Phe

Ala

Lys

Ile

255

Thr

Asn

Ile

Ile

Leu

335

Cys

Lys

Trp

Ser

160

Leu

Pro

Asn

Ala

Gly

240

Asp

Ile

Leu

Phe

Ile

320

Gln

Asp

Met
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Gly

Leu

385

Thr

Leu

Ala

Ser

Ala

465

Asp

Asp

Ala

Thr

Lys

545

val

Ile

Thr

Arg

Ser

370

Ala

Asp

Pro

Arg

Thr

450

Val

Lys

Lys

Lys

Glu

530

Gly

vVal

Thr

Glu

Asp
610

Ile

Gly

Pro

Ala

vVal

435

Pro

Ile

Ser

Lys

Glu

515

Gly

Phe

Thr

Gly

Trp

595

Asn

Arg

Ala

Ala

Leu

420

Ala

Thr

Val

Asp

Lys

500

Ile

Ser

Asn

Gly

Ser

580

Ile

Ile

Gly

Leu

Arg

405

Ala

Leu

Thr

Glu

Lys

485

Ala

Ala

Ser

Asn

Pro

565

Met

Gly

Val

Thr

Ser

390

Met

Val

Arg

Val

Asp

470

Glu

Glu

Val

Glu

Leu

550

Ile

Val

Cys

Phe

EP 3 334 752 B1

Ala

375

Phe

Phe

Leu

Arg

Phe

455

Ala

Lys

Lys

Val

Ser

535

Ser

Gly

Leu

Leu

Gly
615

Ile Gly Met

Ile

Ser

Pro

Ile

440

Asp

Ser

Ala

Lys

Val

520

Glu

Phe

Ser

Thr

Glu

600

Arg

61

Thr

Ser

Gln

425

Gln

Ala

Phe

Lys

Ala

505

Glu

Lys

Lys

Gly

Gly

585

Pro

Lys

Tyr

Leu

410

Ala

Arg

Thr

Ile

Asp

490

Lys

Glu

Gly

Ile

Lys

570

Gly

Trp

Phe

Phe

Ala

395

Thr

Leu

Phe

Leu

Trp

475

Ala

Lys

Glu

Thr

Lys

555

Ser

Ser

Ile

Asp

Gln

380

Ala

Leu

Gln

Leu

Glu

460

Pro

Lys

Ala

Val

Leu

540

Arg

Ser

Val

Gln

Ser
620

Ala

Leu

Phe

Ala

Gly

445

Ser

Glu

Lys

Ala

Glu

525

Lys

Gly

Leu

Arg

Asn

605

Glu

Leu

Gly

Asn

Ala

430

Ala

Thr

Val

Glu

Lys

510

His

Ser

Glu

Leu

Val

590

Ala

Trp

Pro

His

Leu

415

Gly

Glu

Asp

Val

Glu

495

Lys

Glu

Thr

Phe

Ala

575

Ser

Thr

Tyr

Ile

Gly

400

Leu

Asp

Glu

Asp

Asp

480

Lys

Ala

Lys

Phe

vVal

560

Ala

Ser

val

Arg
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Thr

625

His

Gly

Glu

Gly

Thr

705

His

Gln

Gly

Val

Glu

785

Leu

Met

Tyr

Met

Phe
865

vVal

Gly

Gln

Ile

Ala

690

Arg

Val

Glu

Ser

Ile

770

Asp

Gln

Met

Trp

Phe

850

Val

vVal

Asp

Lys

Leu

675

Gly

Ile

Ile

Leu

Met

755

Glu

Ala

Lys

Glu

Gln

835

Ile

Phe

Thr

Asn

Ala

660

Ile

Ile

Leu

Phe

Glu

740

Ser

Gly

Ala

Val

Glu

820

Tyr

Gly

Thr

Ala

Thr

645

Arg

Met

Val

Ala

Met

725

Ala

Lys

Asp

Glu

Thr

805

Glu

Phe

Met

Ser

Cys

630

Met

Ile

Asp

Asp

Thr

710

Asp

Asp

Glu

Leu

Thr

790

Thr

Glu

Arg

Ile

Val
870
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Gln

Ile

Asn

Asp

Asp

695

His

Ala

Asn

Glu

Glu

775

Ile

Thr

Arg

Gln

Phe

855

Trp

Leu Ser Gln Asp

Gly

Leu

vVal

680

Cys

Gln

Glu

Glu

vVal

760

Asp

Ser

vVal

Met

Ala

840

Ile

Leu

62

Glu

Ala

665

Leu

Leu

Leu

Gly

Gln

745

val

Asp

Ile

Ser

Arg

825

Asn

Ser

Ser

Arg

650

Arg

Ser

Arg

Ser

Gln

730

Phe

Ala

Cys

Leu

Ala

810

Asp

Pro

Met

Phe

635

Gly

Ala

Ala

Gly

Val

715

Phe

Lys

val

Asp

Ala

795

Phe

Ala

Ser

Ile

Trp
875

Leu

Ile

Ile

Val

Leu

700

Leu

His

Ala

Asp

Asn

780

Asp

Glu

Val

Arg

Val

860

Thr

Lys

Thr

Tyr

Asp

685

Ala

Pro

Ile

Leu

Glu

765

Lys

Ala

Glu

Gly

Val

845

Ile

Gly

Ile

Val

Gly

670

Ala

Lys

Lys

Gly

Leu

750

Thr

Glu

Thr

Asn

Leu

830

Lys

Ala

Asp

Met

Ser

655

Asn

Arg

Asn

Ala

Thr

735

Ala

Glu

Glu

Gln

Asp

815

His

Val

Phe

Arg

Thr

640

Gly

Pro

vVal

Ser

Asp

720

Tyr

Ala

vVal

Tyr

Glu

800

Asn

vVal

Met

Leu

Phe
880
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His

Leu

Ser

Phe

Ile

945

Met

Phe

Pro

Ala

Met

Met

Leu

Arg

Leu

Pro

Glu

Ala

Leu

Ala

Ala
930

Asn

Arg

Leu

Val

Arg
1010

Ser
1025

Tyr
1040

Asp
1055

Trp
1070

Val
1085

Ser
1100

Val

Ser Arg Asn Phe Tyr Thr Gly Ile Tyr Ile Met Leu Gly Ile
885 890 895
Leu Leu Ala Val Ala Gly Tyr Met Ile Val Asn Glu Ile Asn
900 905 910
Met Ala Ala Arg Asn Leu His Asn His Ala Leu Asp Ser Val
915 920 925
Ala Arg Thr Ser Phe Phe Asp Thr Thr Pro Gln Gly Arg Ile
935 940
Arg Phe Thr Arg Asp Thr Asp Ser Leu Asp Asn Glu Leu Ala
950 955 960
Leu Thr Met Leu Phe Phe Gly Val Ser Ala Phe Phe Ser Asn
965 970 975
Leu Thr Cys Val Tyr Val Pro Tyr Val Thr Leu Val Leu Val
980 985 990
Gly Phe Val Phe Tyr Val Ser Leu Gly Tyr Tyr Arg Lys Ser
995 1000 1005
Glu Val Lys Arg Ile Asp Ser Ile Glu Arg Ser His Met
1015 1020
Val Phe Asn Glu Ser Ile Ser Gly Met Pro Val Ile Ile
1030 1035
Lys Ala Gln His Arg Leu Met Asn Lys Leu Gln Ala Thr
1045 1050
Asp Met Asp Ser Ala Tyr Phe Leu Thr Ala Ala Asn Gln
1060 1065
Leu Ser Leu Arg Leu Asp Gly Leu Gly Ser Leu Val Val
1075 1080
Ala Thr Ile Leu Val Ala Val Gly Val Phe Asp Leu Thr
1090 1095
Asn Met Gly Leu Ile 1Ile Ser Ala Ala Ser Phe Ile Pro
1105 1110
Met Ser Met Val Ala Gln Ala Val Ala Glu Leu Glu Asn

EP 3 334 752 B1
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Cys

Pro

Arg

Ser

Ser

Thr

Val

Ser

Pro

Asp

Arg

His

Gly

Thr

Lys

1115

Met
1130

Ala
1145

Pro
1160

Met
1175

val
1190

Gly
1205

Glu
1220

Thr
1235

Gln
1250

Pro
1265

Arg
1280

Leu
1295

Glu
1310

Lys
1325

Thr
1340

Asn

Glu

Asn

Lys

Asp

Ala

Leu

Ile

Glu

Leu

Ser

Asp

Arg

Ile

Asp

Ala

Ala

Trp

Tyr

Phe

Gly

Ala

Gly

Pro

Glu

Gly

Gln

Gln

Leu

Lys

Thr

Ala

Pro

Arg

Gln

Lys

Glu

Leu

Val

Gln

Leu

Lys

Leu

Val

Leu

EP 3 334 752 B1

Glu

Arg

Glu

Asp

Gly

Ser

Gly

His

Leu

Tyr

Leu

val

Leu

Leu

val

1120

Arg
1135

Glu
1150

Gln
1165

Gly
1180

Gly
1195

Thr
1210

Ser
1225

Gln
1240

Phe
1255

Ser
1270

Asp
1285

Glu
1300

Thr
1315

Asp
1330

Gln
1345

Ile

Val

Gly

Leu

His

Ile

Ile

Leu

Leu

Asp

Glu

Ala

Leu

Glu

Glu

64

Leu

Asp

Ala

Pro

Lys

Leu

Thr

Arg

Gly

Ala

Gly

Asp

Ala

Ala

Thr

Tyr

Gly

Ile

Tyr

Val

Gln

Ile

Ser

Thr

Glu

Glu

Gly

Arg

Thr

Ile

Tyr

Thr

Ser

Val

Gly

Thr

Asp

Gln

Ile

Leu

Thr

Ser

Ala

Ser

Ser

1125

Lys
1140

Glu
1155

Phe
1170

Leu
1185

Ile
1200

Leu
1215

Gly
1230

Leu
1245

Arg
1260

Trp
1275

Glu
1290

Asn
1305

Leu
1320

Asn
1335

Arg
1350

Asp

Leu

Asn

Lys

Cys

Tyr

Val

Ser

Ser

Gly

Gly

Phe

Leu

Val

Glu

Asn

Asp

Asn

Ser

Gly

Arg

Asp

Ile

Asn

Ser

Lys

Ser

Arg

Asp

Phe

Ile

Gln

val

Leu

Arg

Ile

Ile

Ile

Leu

Leu

Phe

Leu

Asn

Tyr

Gly
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His Cys

1355

Thr Ile Leu Cys

Lys Tyr Asp Arg Ile Leu

1370

Tyr Asp Thr Pro Trp Asn

1385

Arg Gly Met Cys Asp Thr

1400

Ile Ala His
1360

Val Leu Glu
1375

Leu
1390

Tyr Asn

Ser
1405

Gly Leu

Arg Leu Arg Thr Ile Ala

1365

Glu
1380

Ser Gly Ile Asn Gln

Asp Lys Glu Gly Ile Phe

1395

Asn Glu Val Asp Phe Asn

1410

Lys

<210> 30
<211> 1000
<212> DNA

<213> Yarrowia lipolytica

<400> 30

cggttgagag
aaacaatatc
ttcttcttee
gtcaactccg
cagtttggac
aaaatttata
aaacctcgtt
ctgaaaagac
caacgctacc
aaatgcagat
cagttttttt
caagatgtga
gggcatgata
taacggccag
ccatttegtg
ttctgggtca

tctagtttac

ttcaagaaca
gcagatattg
agacctaccc
gagttaacag
cggagacacg
catggtagca
aatggaggcc
catctgcaaa
actgctagac
gaagtaaaca
tcttttettt
ctaacatgcce
caagaatacc
ctagcgccaa
ccacgtatcc
ctcececcacca

actaaccaca

cgaccaagta
acaacaaact
gttcacacaa
aagcataata
ccacggggaa
aaagcatcct
tgcggacttce
acaccagtga
ctaccgecegt
ctgccgtteg
cggcaaaata
aacggcggct
tttcgaaaag
acttgctcge
agaaagttct
ccacagcatg

cacgacacca

accccgagaa
tgcaacgaga
ctacaagttg
atgtgatgga
atcatcataa
ggagaactcc
ttcecgtgaca
tagtggttcce
tagacctatt
gtccaataat
accttcgcag
gcccccaagg
ccggaacaag
cccgageccce
actcccagceca
ttttttecte

attttaaaaa

65

agtgtcgatg
gccctectaca
ccgcecttaaa
atttggaggt
acattggtaa
taagtatgtc
ttgtgaacca
aacgcaactt
gtatcgcege
taatgttgct
tcatgtgaga
tgtatatgag
ataaagcagc
acccgcettcet

cagggttagg

tctcecgaca

gatacagaga
tgctccaata
caacaacgtg
tggggagaga
aatgccaaaa
agggtcccaa
ttaatacaac
cgtgcacact
caccgttett
ccgccatgcet
tatcgcacga
taccaaatta
ccaaccctta
catccgtacg
ggtgttgcca

accacaactc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1000
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<210> 31
<211> 300
<212> DNA

<213> Yarrowia lipolytica

<400> 31

atgcaaacca
aatgaatgat
tactgtaatt
acatacccta

tgatccctge

<210> 32
<211> 912
<212> DNA

agtaatttat
tgtaaattga
gcatgtccca
tgtatgtttt

cagaatgtgt

<213> Atrtificial sequence

<220>

<223> carG nucleic acid sequence codon optimized for Y. lipolitica

<400> 32

atgctcaact
tacacctacc
gacctctgge
ctgcacaacg
gtcceegttg
attttcctceg
accgaggagc
ctcacttgtc
cttcgacttg
ctcgtcaaca
acctcttaca
cctattattce
cagaagccca
tcttttgagt
aagcgacttg

actaacgact

ctcacaaccg
tcatttctca
tgcacgttce
cctctettat
ctcaccacat
cccttcagga
ttattaacct
ccactgagga
ccgtcecgact
ttatcggaat
ctaacaacaa
acgctattcg
cctccattga
acgttcgaga
gcggcaaccce

aa

EP 3 334 752 B1

tgtgtagtct
aagaggaagt
ccttetttge
ttgtgaatat

gtacacagta

aaccgaggag
gcccggaaag
taaggatgtt
gattgacgat
ttacggtgtc
ggttatgaag
ccaccgaggt
ggagtacatt
gatgcaggct
tcacttccag
gggcttttge
aaaggacccc
ggttaagaag
gttccttega

tctcectegag

aggattgaca
gtagcaatgg
accgttettg
gatgagtcta

tgggactctc

cgatccaccg
gacattcgag
ctttgegtca
gttcaggacg
cctcagacta
ctgaacatcc
cagggaattg
gatatggtta
gcttctgagt
gttcgagatg
gaggacctga
tctaaccgac
tacgctcttg
cagaaggagg

aagtacattg

66

tttgattacc
ttgaatgggg
ttgtatacag
ctactacagt

atcccctgta

aggatattat
ctaagctcat
tcaacaagat
actctgatct
ttaacaccge
cttctatgat
agctgtactg
acaacaagac
ccgacatcga
actacatgaa
ccgagggaaa
agctcctgaa
aggtgatccg
ctgagtcecct

agactattcg

gtgtacatta
agtaatgggt
tacaatacat
aaatcagctt

caatataata

tctcgagect
ttctgeettt
tatcggtatg
ccgacgagga
taactacgtg
gcaggtgtgt
gcgagattcce
ctctggectce
ctacacccct
cctccagtcece
gttctecctte
cattatctct
aaaggctgga
gaaggagatc

agtcgaggct

60

120

180

240

300

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

912
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<210> 33
<211> 1419
<212> DNA

<213> Atrtificial sequence

<220>

EP 3 334 752 B1

<223> UGT2_6b CpO for Y. lipolitica

<400> 33

atggctactt
tggctecgect
ggccacaagg
tctcctctcea
gccgaggeca
ggtctgcage
gactacaccc
ttctecegtea
aacggttccg
ttccccacca
cccggtatcet
tccaagacct
aagcccgtca
tcttgggttt
gctcteggtt
gagctgtccg
gactccgteg
acctcttggg
cactgcggtt
cccatctteg
gagatcccce
cgactcgtca
aagctgttcg

cagaagcacc

<210> 34
<211> 1341

ccgactccat
ttggccacat
tttctttcct
tcaacgttgt
ccaccgatgt
ccgaggtcac
actactggct
ccaccccecectg
atggccgaac
aggtctgctg
ccgacggcta
accacgagtt
tceceegtegg
ccatcaagga
ccgaggttct
gcctceeectt
agcttcccga
ctcecccaget
ccggctccat
gtgaccagcc
gaaacgaaga
tggtcgagga
gtgacaagga

gacgagctgt

tgtcgacgac
cattcecctac
ctccaccacc
ccagctcacc
ccaccccgag
cgagttcctce
cccctecatt
ggccattgce
cacccccgag
gcgaaagcac
ccgaatgggt
tggcacccag
tctgectecect
gtggctcgac
cgtcacccag
cgtectgggcet
tggtttcgte
ccgaatcctce
cgtcgagggt
cctcaacgece
ggacggttcc
agagggtaag
tctccaggac

tgccattgac

cgaaagaagc
ctcgagettt
aagaacattg
ctcecececgag
gatatcccct
gagcagcact
gccaccaagce
tacatgggcce
gacttcactg
gatctggcce
ctggtcatca
tggctccgac
ccctecatcee
ggccaggaga
gacgaggttg
taccgaaacc
gagcgagtcce
tcccacgagt
ctgatgttcg
cgactccttg
ttcacccgag
atctaccgag
cagtacgtcg

cacgagtct

67

tccacattgt
ccaagctcat
accgactctc
tccaggagct
acctcaagaa
ctceccgactg
acggtgtctc
ccactgctga
tccctcccaa
gactcgttce
agggctgega
tcctecgagac
ccggcteccga
agggctctgt
ttgagctgge
ccaagggtcc
gagatcgagg
ccgtcectgtgg
gccacccecct
aggacaagca
actctgttgce
agaaggccaa

acgactttgt

catgttccce
tgcccagaag
ctceccacatce
gcccgaggac
ggcctccgac
gatcatctac
tcgagcccac
cgccatgatce
gtggttccce
ctacaaggcce
ctgtctgcectce
tctccaccga
caaggacgac
tgtctacgtt
ccacggtctg
cgccaagtcce
tctggtctgg
tttcctcace
catcatgctc
ggtcggtatc
tgagtctctce
ggagatgtcc

cgagtacctc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1419
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<213> Atrtificial sequence

<220>
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<223> RT18 nucleic acid sequence CpO for Y. lipolitica

<400> 34

atgtccacca ccctcaaggt cctcatgttc ccecttecteg cttacggecca catctetcecce 60
tacctcaacg ttgccaagaa gctcgccgac cgaggcttce tcatctacct ctgttccacce 120
cccatcaacc tcaagtccac catcaacaag atccccgaga agtacgccga ctccatccag 180
ctcatcgaac tccatctcece cgagettecce gagetgectce cccactacca caccaccaac 240
ggtctgeccte ccaacctcaa ccacatcctce cgacgagcce tcaagatgtc caagcccaac 300
ttctccaaga tcatgcagaa cctgaagcce gatctgcectca tctacgacat tcectceccageag 360
tgggccgagg atgtcgccac cgagcttaac atccccgecg tcaagetget cacctetggt 420
gttgctgttt tctcttactt cttcaacctc accaagaagce ccgaggtcga gttcccectac 480
ccecgectatcet acctccgaaa gatcgagetg gtccgatggt gecgagactct gtccaagecac 540
aacaaggaag gtgaggagca cgacgacggc ctcgcctacg gcaacatgca gatcatgcetce 600
atgtccactt ccaagatcct cgaggccaag tacattgact actgcattga gctgaccaac 660
tggaaggtcg tccecegtegg ctetctegte caggactcca tcaccaacga cgceccgetgac 720
gacgacatgg aactcattga ctggctcggt actaaggacg agaactccac cgtctttgtce 780
tcttttgget ccgagtactt cctctccaaa gaggacgttg aagaggttgce ctteggtetg 840
gagctgtcca acgtcaactt catctgggtt gtccgattce ccaagggtga ggagaagaac 900
ctcgaggacg ttctgcccaa gggecttecttce gagcgaatcg gtgagcgagg ccgagtcecte 960
gacaagtttg ctccccagee ccgaattcte aaccacccct ctaccggtgg tttcatctet 1020
cactgtggct ggaactccgce catggagtcc attgactttg gtgtccccat tgtcgecatg 1080
cccatgcagce tcgaccagcc catgaacgcce cgactcattg tcgagettgg tgttgecgte 1140
gagattgtcc gagatgatga tggtaagatc taccgaggtg agattgctga gactctcaag 1200
ggtgtcatca ccggcgagat tggtgagatc ctccgagcca aggtccgaga catctccaag 1260
aacctcaagg ccatcaagga cgaggagatg gacgttgctg cccaggagct gatccagcetce 1320
tgccgaaact ccaataaata a 1341

Claims

1. A recombinant host capable of producing a steviol glycoside which overexpresses a nucleic acid which encodes a
polypeptide which mediates steviol glycoside transport and which polypeptide comprises the amino acid sequence

68



10

15

20

25

30

35

40

45

50

55

10.

1.

EP 3 334 752 B1

set forth in SEQ ID NO: 29 or an amino acid sequence having at least 70% sequence identity thereto, and wherein
the amount of total steviol glycoside outside the cell as compared to inside the cell is higher as compared to a
corresponding cell which does not overexpress a nucleic acid which encodes a polypeptide which mediates steviol
glycoside transport and which polypeptide comprises the amino acid sequence set forth in SEQ ID NO: 29 or an
amino acid sequence having at least 70% sequence identity thereto, wherein the recombinant host is a yeast.

A recombinant host according to claim 1 wherein the host belongs to one of the genera Saccharomyces, Pichia,
Kluyveromyces, Candida, Hansenula, Issatchenkia, Brettanomyces, Pachysolen and Yarrowia, preferably wherein
the recombinant host is a Saccharomyces cerevisiae cell, a Yarrowia lipolytica cell, a Candida krusei cell or an
Issatchenkia orientalis cell.

A recombinant Yarrowia host capable of producing a steviol glycoside, which has been modified, preferably in its
genome, to result in a deficiency in the production of a polypeptide which mediates steviol glycoside transport and
which polypeptide comprises the amino acid sequence set forth in SEQ ID NO: 29 or an amino acid sequence having
atleast 70% sequence identity thereto, and wherein the amount of total steviol glycoside outside the cell as compared
to inside the cell is lower as compared to a corresponding cell which does not have a deficiency in the production
of a polypeptide which mediates steviol glycoside transport and which polypeptide comprises the amino acid se-
quence set forth in SEQ ID NO: 29 or an amino acid sequence having at least 70% sequence identity thereto,
wherein deficiency in the production of said polypeptide mediating steviol glycoside transport is generated by mod-
ifying, partially deleting or entirely deleting a nucleotide sequence encoding the polypeptide such that substantially
no expression of the polypeptide takes place in the host cell.

A recombinant host according to any one of the preceding claims which comprises one or more recombinant nu-
cleotide sequence(s) encoding:

a polypeptide having ent-copalyl pyrophosphate synthase activity;
a polypeptide having ent-Kaurene synthase activity;

a polypeptide having ent-Kaurene oxidase activity; and

a polypeptide having kaurenoic acid 13-hydroxylase activity.

A recombinant host according to any one of the preceding claims, which comprises a recombinant nucleic acid
sequence encoding a polypeptide having NADPH-cytochrome p450 reductase activity.

A recombinant host according to any one of the preceding claims which comprises a recombinant nucleic acid
sequence encoding one or more of:

(i) a polypeptide having UGT74G1 activity;

(ii) a polypeptide having UGT2 activity;

(iii) a polypeptide having UGT85C2 activity; and
(iv) a polypeptide having UGT76G1 activity.

A recombinant host according to any one of claims 3 to 6, wherein the recombinant host is a Yarrowia lipolytica.

A recombinant host according to any one of the preceding claims, wherein the ability of the host to produce geran-
ylgeranyl diphosphate (GGPP) is upregulated.

Arecombinant host according to any one of the preceding claims which comprises a nucleic acid sequence encoding
one or more of:

a polypeptide having hydroxymethylglutaryl-CoA reductase activity; or
a polypeptide having farnesyl-pyrophosphate synthetase activity.

A process for the preparation of a steviol glycoside which comprises fermenting a recombinant host according to
any one of the preceding claims in a suitable fermentation medium and, optionally, recovering the steviol glycoside.

A process according to claim 10 for the preparation of a steviol glycoside, wherein the process is carried out on an
industrial scale.
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Patentanspriiche

1.

Rekombinanter Wirt, in der Lage, ein Steviolglycosid zu erzeugen, welcher eine Nukleinsaure tberexprimiert, die
fur ein Polypeptid kodiert, das Steviolglycosidtransport vermittelt, und wobei das Polypeptid die in SEQ ID NO: 29
angegebene Aminosauresequenz oder eine Aminosauresequenz mit mindestens 70 % Sequenzidentitat dazu um-
fasst, und wobei die Menge an Gesamtsteviolglycosid auRerhalb der Zelle im Vergleich zu innerhalb der Zelle héher
ist als bei einer entsprechenden Zelle, welche nicht eine Nukleinsaure Gberexprimiert, die flr ein Polypeptid kodiert,
das Steviolglycosidtransport vermittelt, und wobei das Polypeptid die in SEQ ID NO: 29 angegebene Aminosaure-
sequenz oder eine Aminosauresequenz mit mindestens 70 % Sequenzidentitat dazu umfasst, wobei der rekombi-
nante Wird eine Hefe ist.

Rekombinanter Wirt nach Anspruch 1, wobei der Wirt zu einer der Gattungen Saccharomyces, Pichia, Kluyvero-
myces, Candida, Hansenula, Issatchenkia, Brettanomyces, Pachysolen und Yarrowia gehort, vorzugsweise, wobei
der rekombinante Wirt eine Zelle von Saccharomyces cerevisiae, eine Zelle von Yarrowia lipolytica, eine Zelle von
Candida krusei oder eine Zelle von Issatchenkia orientalis ist.

Rekombinanter Yarrowia-Wirt, in der Lage, ein Steviolglycosid zu erzeugen, der modifiziert worden ist, vorzugsweise
in seinem Genom, um zu einem Mangel an der Produktion eines Polypeptids zu flihren, das Steviolglycosidtransport
vermittelt, und wobei das Polypeptid die in SEQ ID NO: 29 angegebene Aminosauresequenz oder eine Aminosau-
resequenz mit mindestens 70 % Sequenzidentitat dazu umfasst, und wobei die Menge an Gesamtsteviolglycosid
aullerhalb der Zelle im Vergleich zu innerhalb der Zelle niedriger ist als bei einer entsprechenden Zelle, welche
nicht einen Mangel an der Produktion eines Polypeptids aufweist, das Steviolglycosidtransport vermittelt, und wobei
das Polypeptid die in SEQ ID NO: 29 angegebene Aminosauresequenz oder eine Aminosauresequenz mit mindes-
tens 70 % Sequenzidentitat dazu umfasst, wobei ein Mangel an der Produktion des Polypeptids, das Steviolglyco-
sidtransport vermittelt, durch Modifizieren, teilweises Deletieren oder vollstandiges Deletieren einer fur das Poly-
peptid kodierenden Nukleotidsequenz erzeugt wird, sodass im Wesentlichen keine Expression des Polypeptids in
der Wirtszelle stattfindet.

Rekombinanter Wirt nach einem der vorhergehenden Anspriiche, umfassend eine oder mehrere rekombinante
Nukleotidsequenzen, die kodieren fir:

ein Polypeptid mit ent-Copalylpyrophosphatsynthase-Aktivitat;
ein Polypeptid mit ent-Kaurensynthase-Aktivitat;

ein Polypeptid mit ent-Kaurenoxidase-Aktivitat; und

ein Polypeptid mit Kaurensaure-13-Hydroxylase-Aktivitat.

Rekombinanter Wirt nach einem der vorhergehenden Anspriiche, umfassend eine rekombinante Nukleinsdurese-
quenz, die fur ein Polypeptid mit NADPH-Cytochrom-P450-Reduktase-Aktivitat kodiert.

Rekombinanter Wirt nach einem der vorhergehenden Anspriiche, umfassend eine rekombinante Nukleinsdurese-
quenz, die fur eines oder mehrere der Folgenden kodiert:

(i) ein Polypeptid mit UGT74G1-Aktivitat;

(ii) ein Polypeptid mit UGT2-Aktivitat;

(iii) ein Polypeptid mit UGT85C2-Aktivitat; und
(iv) ein Polypeptid mit UGT76G1-Aktivitat.

Rekombinanter Wirt nach einem der Anspriiche 3 bis 6, wobei der rekombinante Wirt eine Yarrowia lipolytica ist.

Rekombinanter Wirt nach einem der vorhergehenden Anspriiche, wobei die Fahigkeit des Wirts, Geranylgeranyl-
diphosphat (GGPP) zu erzeugen hochreguliert wird.

Rekombinanter Wirt nach einem der vorhergehenden Anspriiche, umfassend eine Nukleinsduresequenz, die fur
eines oder mehrere der Folgenden kodiert:

ein Polypeptid mit Hydroxymethylglutaryl-CoA-Reduktaseaktivitat; oder
ein Polypeptid mit Farnesylpyrophosphatsynthetase-Aktivitat.
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10. Verfahren zum Erzeugen eines Steviolglycosids, umfassend das Fermentieren eines rekombinanten Wirts nach

1.

einem der vorhergehenden Anspriiche in einem geeigneten Fermentationsmedium und optional das Gewinnen des
Steviolglycosids.

Verfahren nach Anspruch 10 zum Erzeugen eines Steviolglycosids, wobei das Verfahren im industriellen Maf3stab
durchgefihrt wird.

Revendications

Héte recombinant capable de produire un glycoside de stéviol qui surexprime un acide nucléique qui code pour un
polypeptide qui effectue la médiation du transport de glycoside de stéviol etlequel polypeptide comprend la séquence
d’acides aminés indiquée dans la SEQ ID NO: 29, ou une séquence d’acides aminés ayant une identité de séquence
d’au moins 70% avec celle-ci, et dans lequel la quantité du glycoside de stéviol total a I'extérieur de la cellule, en
comparaison avec l'intérieur de la cellule, est supérieure en comparaison avec une cellule correspondante qui ne
surexprime pas un acide nucléique qui code pour un polypeptide qui effectue la médiation du transport de glycoside
de stéviol et lequel polypeptide comprend la séquence d’acides aminés indiquée dans la SEQ ID NO: 29, ou une
séquence d’acides aminés ayant une identité de séquence d’au moins 70% avec celle-ci, I'héte recombinant étant
une levure.

Hoéte recombinant selon la revendication 1, 'héte appartenant a I'un des genres Saccharomyces, Pichia, Kluyvero-
myces, Candida, Hansenula, Issatchenkia, Brettanomyces, Pachysolen et Yarrowia, de préférence I'héte recombi-
nant étant une cellule de Saccharomyces cerevisiae, une cellule de Yarrowia lipolytica, une cellule de Candida
krusei ou une cellule d’Issatchenkia orientalis.

Héte Yarrowia recombinant capable de produire un glycoside de stéviol, qui a été modifié de préférence dans son
génome, pour conduire a une déficience dans la production d’'un polypeptide qui effectue la médiation du transport
de glycoside de stéviol et lequel polypeptide comprend la séquence d’acides aminés indiquée dans la SEQ ID NO:
29, ou une séquence d’acides aminés ayant une identité de séquence d’au moins 70% avec celle-ci, et dans lequel
la quantité du glycoside de stéviol total a I'extérieur de la cellule, en comparaison avec l'intérieur de la cellule, est
inférieure en comparaison avec une cellule correspondante qui n'a pas une déficience dans la production d’'un
polypeptide qui effectue la médiation du transport de glycoside de stéviol etlequel polypeptide comprend la séquence
d’acides aminés indiquée dans la SEQ ID NO: 29, ou une séquence d’acides aminés ayant une identité de séquence
d’au moins 70% avec celle-ci, dans lequel une déficience dans la production dudit polypeptide effectuant la médiation
du transport de glycoside de stéviol est générée en modifiant, en supprimant partiellement ou en supprimant tota-
lement une séquence nucléotidique codant pour le polypeptide, de sorte que substantiellement aucune expression
du polypeptide n’ait lieu dans la cellule héte.

Hbéte recombinant, selon I'une quelconque des revendications précédentes, qui comprend une ou plusieurs séquen-
ce(s) nucléotidique(s) recombinante(s) codant pour :

un polypeptide ayant une activité d’ent-copalyl pyrophosphate synthase ;

un polypeptide ayant une activité d’ent-Kaurene synthase ;

un polypeptide ayant une activité d’ent-Kaurene oxydase ; et

un polypeptide ayant une activité d’acide kaurénoique 13 hydroxylase synthase.

Hbéte recombinant, selon 'une quelconque des revendications précédentes, qui comprend une séquence recombi-
nante d’acides nucléiques codant pour un polypeptide ayant une activité de NADPH-cytochrome p450 réductase.

Hbéte recombinant, selon 'une quelconque des revendications précédentes, qui comprend une séquence recombi-
nante d’acides nucléiques codant pour un ou plusieurs élément(s) parmi :

(i) un polypeptide ayant une activité d’'UGT74G1 ;

(i) un polypeptide ayant une activité dUGT2 ;

(iii) un polypeptide ayant une activité d’'UGT85C?2 ; et
(iv) un polypeptide ayant une activité dUGT76G1.

Héte recombinant selon I'une quelconque des revendications 3 a 6, ’héte recombinant étant une Yarrowia lipolytica.
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Hbéte recombinant selon I'une quelconque des revendications précédentes, dans lequel la capacité de I'hote a
produire du géranylgéranyl diphosphate (GGPP) est régulée a la hausse.

Hbéte recombinant, selon 'une quelconque des revendications précédentes, qui comprend une séquence recombi-
nante d’acides nucléiques codant pour un ou plusieurs élément(s) parmi :

un polypeptide ayant une activité d’hydroxyméthylglutaryl-CoA réductase ; ou
un polypeptide ayant une activité de farnésyl-pyrophosphate synthétase.

Processus destiné a la préparation d’'un glycoside de stéviol qui comprend une fermentation d’un héte recombinant,
selon l'une quelconque des revendications précédentes, dans un milieu de fermentation approprié et, en option,

une récupération du glycoside de stéviol.

Processus, selon la revendication 10, destiné a la préparation d’'un glycoside de stéviol, le processus étant effectué
a une échelle industrielle.
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